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ABSTRACT 

Cosgriff, R.J. and P.M. Brown. (Great Rivers Field Station, Illinois Natural History Sur¬ 

vey, 8450 Montclair Avenue, Brighton, IL 62012). Germination of overcup oak and bur 

oak following inundation. Hard mast species have experienced a lack of regeneration 

over the past seventy years on the Upper Mississippi River System (UMRS). This has 

been attributed to anthropogenic alterations to floodplain hydrology. The focus of this 

study is to determine to what extent do overcup oak (Quercus lyrata) and bur oak (Quer- 

cus macrocarpa) have the ability to survive flooding as a seed and to determine whether 

the bur oak floodplain genotype has adapted to a flood regime through increased survi¬ 

vorship as a seed. Overcup oak and bur oak have the ability to survive inundation up to 

60 days with no decrease in germination rates. We found no differences in germination 

rates between sites and between upland and floodplain genotypes. However, seed mass, 

site and treatment were significant predictors in the number of days to germination. Days 

to germination decreased as seed mass increased. Overcup oak seed mass was not signifi¬ 

cantly different between sites, whereas, seed mass of bur oak was different at all sites. 

Key Words: Quercus lyrata, Quercus macrocarpa, overcup oak, bur oak, white oaks, 

hydrochory, seed survivorship, Upper Mississippi River System. 

INTRODUCTION 

Periodic flooding is the most common disturbance event on floodplains and often deter¬ 

mines the distribution of forest species and communities (Illichevsky 1933; Bedringer 

1978; Streng et al. 1989). Floodplain trees are most susceptible to flood disturbance as a 

seed or recently germinated seedling and establishment is dictated by an individuals 

capability to be dispersed to an elevation suitable to its physiological tolerance or avoid¬ 

ance of inundation (Briscoe 1961; Streng et al. 1989; Lopez 2001). Recent anthropogenic 

alterations in river hydrology of the Upper Mississippi River System (UMRS) has raised 

the floodplain water table and decreased fall drought, placing many species (oak, Quer¬ 

cus spp.; hickory/pecan, Cary a spp.) that rely on higher elevations for regeneration in 

peril (Yeager 1949; Yin and Nelson 1995; Yin et al. 1997; Knutson and Klaas 1998). 

Consequently, there has been little regeneration into seedling and sapling cohorts by 

these important hard mast species since lock and dam construction in the 1930’s (Yeager 

1949; Knutson and Klaas 1998; Cosgriff unpublished data). Fall flooding can potentially 

reduce regeneration of oak by inducing high mortality in seeds (Briscoe 1961). 
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Natural re-establishment of oak forest communities is problematic because of short dis¬ 

persal distances and short seed viability. However, observations of recruitment of oak 

species in debris zones on the floodplain and at heads of islands, many kilometers away 

from the nearest parent tree, suggest that flooding maybe a possible source of dispersal. 

Many floodplain species have developed means for seed dispersal by water (hydrochory) 

and to survive inundation through air pockets and impermeable seed coats (Lopez 2001). 

Several floodplain species have been described as not being affected by seed inundation 

(Briscoe 1961; Guo et al. 1998). Overcup oak (Quercus lyrata Walt.) is a floodplain oak 

species described as using hydrochory, and is common in many oak-hickory forests of the 

UMRS (Burns and Honkala 1990; McCarthy and Evans 2000). However, information on 

seed survivorship following fall inundation is lacking. 

Floodplain oaks often have better survival following long-term seed inundation compared 

to upland oaks (Briscoe 1961; Guo et al. 1998). Bur oak (Quercus macrocarpa Michx.) is 

associated with upland savanna, however, it is a common species on the floodplains of 

the UMRS and has the ability to survive the most extreme flood events as a mature tree 

(Cosgriff unpublished data). A hypothesis for the success of this species in a floodplain 

environment is evolved means of seed survivorship in flooded regimes. The focus of this 

study is to determine the extent that seeds of two white oak species (overcup and bur oak) 

have the ability to survive flooding and to determine the extent to which bur oak has 

adapted to a flood regime. 

MATERIALS AND METHODS 

Seed collection of overcup oak and bur oak occurred from September 1 to October 15, 

2001 (Mohlenbrock 1986). These seeds were collected from a minimum of five adult 

trees at each site. Special care was taken to not select seeds that appeared non-viable 

(small size or deformed) or browsed. Seeds of overcup oak were collected from three 

floodplain forest sites (Stump Lake 1, Stump Lake 2, and Silver Lake) near the conflu¬ 

ence of the Mississippi and Illinois Rivers (Fig. 1). Bur oak seeds were collected from 

three floodplain forest sites (Silver Lake, Royal Landing, and Calhoun Point) near the 

confluence of the Mississippi and Illinois Rivers and one upland site ten miles west of 

Carlinville, Illinois (Fig. 1). Seeds were stored in a refrigerator at a constant temperature 

of 5°C for a 30 days. Seed mass was measured to the nearest 1 mg and volume was cal¬ 

culated using seed length and width (mm). 

Linear regression of mass compared to calculated volume was used by species to identify 

soundness of seeds. Residuals were utilized and a proportion of the seeds dissected to 

determine model effectiveness. Seeds of overcup oak with a residual less than -0.7 were 

identified as being nonviable and were removed from the study 

(mass=0.105+0.015*volume; r=0.81). Seeds of bur oak with a residual less than -0.5 

were identified as being unviable and were removed from the study (mass=- 

2.336+0.027*volume; r=0.93). 

Seeds were randomly subjected to five treatments within five replicates. The treatments 

included 0 days (control), 7 days, 14 days, 30 days and 60 days of inundation and were 

subjected to inundation from Dec. 1 to Feb. 1 (2001-02). Seeds were placed in burlap 
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bags by treatment and replicate and submersed in weighted, five gallon buckets. The 

location of inundation was Chickahominy Slough, an isolated backwater located near the 

confluence of the Mississippi and Illinois Rivers (Fig. 1). The seeds were then collected 

at proper intervals in time and placed on moist crepe-cellulose paper and covered with a 

moist soil/sand mixture (1 part potting soil/2 parts sand). The seeds were stored at room 

temperature (70° C) and inspected weekly for germination. A seed was classified as suc¬ 

cessfully germinated when the radicle emerged from the seed. Inspections started Dec. 1 

and continued to March 31. 

To test for differences in seed germination by site and treatment, a linear logistic regres¬ 

sion model for binary response data was utilized for each species (SAS 1990). Proportion 

germinated was calculated by dividing the number of germinants in each site, replicate 

and treatment by the total number planted at each site, replicate and treatment. Wald chi- 

square tests were used to test for significant differences between individual sites and 

treatments. General linear models (SAS 1990) were utilized to identify the effects of seed 

mass, site, and treatment on days to germination. Seeds that did not germinate were 

removed from the data set prior to analysis. General linear models and Tukey’s Honestly 

Significant Difference (SAS 1990) were utilized to identify any differences in seed size 

between sites. 

RESULTS 

Our results indicate that seeds of overcup oak and bur oak have the ability to survive long 

term flooding. No statistical differences were found in germination by site or treatment 

for the two species (Table 1). Variation in percent germination was large and inspection 

of mean percent germination by site and treatment reveals that overcup oak at Silver Lake 

had greater mean germination rates compared to the two Stump Lake sites (Table 2). 

However, Wald chi-square tests failed to indicate any significant differences between 

individual sites or treatments (p-value <0.0001). Bur oak seeds from Silver Lake and 

Calhoun Point had germination rates similar to those of the Royal Lake and upland sites. 

However, this was not significant (Wald chi square =0.0049, df=l, P=0.9443). Likewise, 

there were no differences between the upland site and the floodplain sites (Wald chi 

square =0.0004, df=l, P=0.9843) indicating that over time, bur oak has not developed, 

within species, physiological adaptations to flooding. 

Mass, site, treatment, mass*site, and mass*treatment were significant predictors of days 

to germination for overcup oak (F=4.16, P<0.0001, R=0.64), whereas, mass, site, treat¬ 

ment, mass*site, and mass*site*treatment were significant predictors of days to germina¬ 

tion for bur oak (F=5.34, P<0.0001, R=0.72)(Table 3). 

There was no significant differences in overcup oak seed size by site (F=0.30, P=0.7389, 

R=0.03) (Table 4). However, seed size was significantly different in bur oak between all 

sites (F=462.06, P<0.0001, R=0.85). 

DISCUSSION 

Overcup oak and bur oak seeds have the ability to survive inundation up to 60 days with 

no significant differences between control and treatments. Germination rates for these 
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two species are similar to rates found for two red oak species (Nuttall’s oak, Q. nuttallii 

E.J.Palmer, and Spanish oak, Q.falcata Michx.) following a similar inundation study 

(Briscoe 1961). However, Briscoe (1961) indicated that seed germination decreased after 

18 and 34 days (Spanish oak and Nuttall’s oak, respectively). Survivorship of long-term 

flooding may indicate that these species do have the ability to utilize hydrochory. This 

finding is very important when trying to determine the length of time for forest re-estab¬ 

lishment following catastrophic disturbance events (man-made and natural) where the 

entire parent community has been removed. However, most viable oak seeds do not stay 

afloat for very long (Young and Young 1992). McCarthy and Evans (2000) indicate that 

overcup oak possess a thick corky seed coat that promotes hydrochory. However, we 

found no quantifiable evidence in the literature to support this. Being carried away in a 

debris pile or rolling along the river bottom with the current may be a means of periodic 

dispersal, but it is unlikely that it would constitute a means of reliable seed dispersion. 

The main river channel, secondary channels and backwaters are likely to act as sinks for 

oak seeds rather than reliable means of dispersal. A short-term seed bank may be a means 

of regeneration. However, Young and Young (1992) indicated that viability in the white 

oak group is very short. Contrary to their findings, personal observations in the field indi¬ 

cate that overcup oak seeds will germinate after three years of dormancy. Likewise, 

Schroeder and Walker (1987) indicated that viability of bur oak acorns increases with 

seed moisture content. Floodplain environments may be suitable to promote viability in 

the white oak group by maintaining high seed moisture content. 

Floodplain plant species have developed means to survive or avoid flood disturbance 

events. One adaptation includes seeds that have air pockets and impermeable seed coats, 

which would seemingly give these species an advantage over upland species (Kubitzki 

and Ziburski 1994; Lopez 2001). There may also be genotypic variations where individ¬ 

ual populations have developed a means to survive a particular stress. Keeley (1979) 

identified differences in seedling survivorship within sour gum (Nyssa sylvatica Marsh.) 

related to the moisture regime of the parent tree. In this study, seedlings from parent trees 

in a swampy environment had better survivorship within that environment than in an 

upland environment and seedlings from the uplands had better survivorship within the 

drier environment than the in the swampy environment. Floodplain seedlings, in between 

the swamp and upland moisture regime, had survivorship in between the swampy and 

upland seedlings in the corresponding environments. We found no differences in germi¬ 

nation between seeds of upland and floodplain sites. This would indicate that bur oak, 

generally considered an upland species, has not developed adaptations in seed survivor¬ 

ship due to inundation within the floodplain genotype. 

We determined that seed size was a significant predictor of days to germination in both 

species. Streng et al. (1989) also indicated that larger seed size translates into increased 

germination. Differences in seed size identified in this study were related to site location 

for bur oak but not for overcup oak. These differences can be attributed to environmental, 

biotic, and genotypic differences. Seed size may influence germination rates, but may not 

be related to seedling survivorship (Jones et al. 1994; Long and Jones 1996). 
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SUMMARY 

The ability of overcup oak and bur oak seeds to survive long-term flooding is critical 

with the current altered hydrologic regime that exposes these two species to increased 

flooding. For the past 70 years, these species have experienced a lack of regeneration 

with the current hydrologic regime. The altered hydrologic regime, however, is not 

affecting the ability of the seed to germinate. We found no evidence that bur oak has 

adapted to a floodplain environment through physiological or morphological adaptations 

in the seed. Upland and floodplain genotypes within this species experience the same 

germination rates. The number of days to germination decreased as seed mass increased. 
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Table 1. Site and treatment effects on proportion germinated for Q. lyrata (Wald chi 

square=121.41, df=74, P=0.0004) and Q. macrocarpa (Wald chi square=72.93, 

df=99, P=0.9771). 

Species Effect df Wald 

Chi-Square 

Pr > 

Chi-Square 

Quercus lyrata Site 2 0.0072 0.9964 

Treatment 4 0.0056 1.0000 

Site*Trt 8 8.1407 0.4198 

Replicate 60 63.0322 0.3696 

Quercus macrocarpa Site 3 0.0129 0.9996 

Treatment 4 0.0029 1.0000 
Site*Trt 12 0.0076 1.0000 
Replicate 74 31.7460 1.0000 
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Table 2. Mean percent germination by site, treatment and species. 

Species 

Quercus lyrata 

Quercus macrocarpa 

Site Treatment N Percent 

Germination 

Std. 

Stump Lake 1 0 Days 5 18.00 8.37 

7 Days 5 26.00 8.94 

14 Days 5 22.00 13.04 

30 Days 5 18.00 16.43 

60 Days 5 42.00 14.83 

Stump Lake 2 0 Days 5 48.89 27.89 

7 Days 5 22.22 28.33 

14 Days 5 13.33 24.09 

30 Days 5 33.33 22.22 

60 Days 5 37.78 26.76 

Silver Lake 0 Days 5 90.00 16.30 

7 Days 5 77.50 5.59 

14 Days 5 55.00 20.92 

> 30 Days 5 55.00 24.37 

60 Days 5 75.00 12.50 

Calhoun Point 0 Days 5 60.00 43.46 

7 Days 5 46.67 18.26 

14 Days 5 26.67 14.91 

30 Days 5 40.00 27.89 

60 Days 5 40.00 14.91 

Royal Landing 0 Days 5 100.00 0.00 

7 Days 5 93.33 14.91 

14 Days 5 46.67 38.01 

30 Days 5 66.67 33.33 

60 Days 5 60.00 36.51 

Silver Lake 0 Days 5 64.00 8.94 

7 Days 5 28.00 17.89 

14 Days 5 44.00 21.91 

30 Days 5 40.00 14.14 

60 Days 5 64.00 21.91 

Upland 0 Days 5 90.00 12.25 

7 Days 5 80.00 18.71 

14 Days 5 60.00 30.82 

30 Days 5 80.00 15.81 

60 Days 5 88.00 4.47 
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Table 3. Site, treatment, and seed mass effects on days till germination. 

Species Effect df F-Value Pr>F 

Quercus lyrata Seed Mass 1 20.28 <0.0001 

Site 2 7.59 0.0007 

Mass*Site 2 5.11 0.0069 

Treatment 4 38.99 <0.0001 

Mass*Trt 4 2.82 0.0263 

Site*Trt 8 1.76 0.0863 

Mass*Site*Trt 8 1.56 0.1393 

Rep(Site*Trt) 54 1.95 0.0005 

Quercus macrocarpa Seed Mass 1 32.61 <0.0001 

Site 3 35.70 <0.0001 

Mass*Site 3 7.48 <0.0001 

Treatment 4 68.54 <0.0001 

Mass*Trt 4 0.46 0.7644 

Site*Trt 12 1.57 0.1015 

Mass*Site*Trt 12 1.98 0.0267 

Rep(Site*Trt) 73 1.60 0.0044 

Table 4. Mean seed mass by site. 

Species Site N Mean Mass (g) std 

Quercus lyrata Stump Fake 1 250 4.63 0.86 

Stump Fake 2 225 4.55 1.55 

Silver Fake 200 4.61 0.88 

Quercus macrocarpa Calhoun Point 75 18.13 3.34 

Royal Fanding 75 21.32 5.41 

Silver Fake 125 5.81 1.79 

Upland 250 13.81 2.64 
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ABSTRACT 

Herbarium and field searches were made to determine the former and current distribution 

of the five Astragalus species (milk vetch) known from Illinois. Of these, the adventive 

A. agrestis Doug, has been reported once from the state. The native species A. crassicar- 

pus Nutt., A. distortus Torrey & Gray, A. tennesseensis Gray, and A. canadensis L. have 

experienced population declines due to habitat destruction. Astragalus canadensis is a 

widely distributed species of high quality prairie remnants, A. crassicarpus is known 

primarily from glacial drift prairies in Macoupin County, A. tennesseensis is known from 

a single site in Tazewell County, while only six small colonies of A. distortus survive, all 

from wind blown sand and loess deposits in Cass, Mason and Scott counties. Astragalus 

crassicarpus and A. tennesseensis are presently listed as endangered in Illinois, and 

endangered status is recommended for A. distortus. 

INTRODUCTION 

The genus Astragalus L., (milk vetch) is represented by more than 2,000 species in the 

Northern Hemisphere including 375 that occur in the United States (Isely 1998). Many 

are prairie and plains species of the western United States and Canada, but some occur in 

woodlands, barrens, and glades in the eastern United States (Gleason and Cronquist 

1991). As members of the Fabaceae (Legume or Pulse Family), the genus belongs to the 

tribe Galegeae. Most species of Astragalus are perennials characterized by a stout tap¬ 

root, odd-pinnately compound leaves, papilonaceous flowers held in spicate or racemose 

clusters, and turgid, several- to many-seeded fruits in which one or both sutures project 

into the locule to divide the cavity lengthwise into two parts (Fernald 1950). 

While undertaking a study of glacial drift prairies in Macoupin County, Illinois, a few 

populations of Astragalus crassicarpus Nutt, were encountered (McClain et al. 2002). 

Because little information is available concerning this endangered taxon in Illinois, which 

was, until recently considered extirpated from the state (Herkert and Ebinger 2002), we 

decided to examine the status of all species of Astragalus found in Illinois. 
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METHODS 

The distributions of the Astragalus species in Illinois were determined by examining 

specimens from herbaria (DEK, EIU, F, ILL, ILLS, ISU, ISM, KNOX, MO, MOR, MWI, 

SIU), consulting recent literature about the genus Astragalus, and by contacting many 

Natural Heritage Biologists of the Illinois Department of Natural Resources and botanists 

at the Illinois Natural History Survey, Champaign, Illinois. Except for Astragalus 

canadensis L., known locations for all milk vetch species, as recorded on herbarium 

labels or in the literature, were visited during the growing seasons of 1998-2002 and 

searches were made in all suitable habitats for Astragalus species. When plants were 

found, the predominant vegetation was noted and the number of milk vetch plants 

recorded. Localities were visited in successive years and new counts were made. Also, 

many potential sites having similar habitats and vegetation structure were examined to 

locate new populations. Nomenclature follows Mohlenbrock (1986), while all voucher 

specimens are deposited in the Stover-Ebinger Herbarium of Eastern Illinois University, 

Charleston, Illinois (EIU). 

RESULTS AND DISCUSSION 

Astragalus agrestis Dougl. (field milk vetch) is a widespread and relatively common spe¬ 

cies associated with prairies, plains, montane meadows, and woodlands from western 

Washington east to northwestern Iowa and south to Utah and New Mexico (Isely 1998). 

It is adventive in Illinois (Jones and Fuller 1955). The single specimen reported is located 

at the Field Museum (F)(H.C.Benke 2456, 23 May 1918, Belvidere, Boone Co.; as A. 

goniatus by Jones and Fuller 1955). No other specimens of this species were located in 

other herbaria, and no living plants were found during the study. 

Astragalus canadensis L. (Canadian milk vetch) is the most widespread species of milk 

vetch in the United States, occurring from northwestern Washington south through Utah, 

Texas and Louisiana to northern Alabama and South Carolina, north to Vermont, Minne¬ 

sota, North Dakota and Montana (Isely 1998). The Canadian milk vetch is the most 

common Astragalus species in Illinois and was reported from 56 counties by Mohlen¬ 

brock and Ladd (1978). During the present study we located herbarium specimens from 

58 counties (Figure 1). Though widely distributed, this taxon is not common. It usually is 

associated with black soil prairie remnants, hill prairies, sand prairies, or open woods 

having a grassy understory. It rarely occurs in disturbed habitat, being a very conserva¬ 

tive species associated with areas of high natural quality (Taft et al. 1997). 

Astragalus crassicarpus Nutt. var. trichocalyx (Nutt.) Barneby (large ground plum) 

occurs in the southeastern part of the Great Plains from northeastern Texas, north through 

eastern Oklahoma, northwestern Arkansas, Missouri and western Illinois (McGregor 

1986, Isely 1998). It is associated with prairie remnants and river bluffs in the eastern 

part of its range in western Illinois. In the southwestern part of the Great Plains this vari¬ 

ety occurs in prairies, open oak woodlands, limestone hills, bluffs, creeks and river banks 

(McGregor 1986, Isely 1998). 

The large ground plum was considered extirpated from Illinois until rediscovered in 1987 

on a ledge of a limestone bluff along the Mississippi River in Jersey County (Herkert and 
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Ebinger 2002). The authors last observed this Jersey County population in 2000 and it 

consisted of a single plant with six stems. The large ground plum is presently known 

from six localities in the state, five in Macoupin County. This taxon has also been 

reported from Madison, St. Clair, and Will counties by Mohlenbrock and Ladd (1978), 

with Mohlenbrock (1986) considering the Will County population to be adventive. Dur¬ 

ing the present study, herbarium specimens were located from Jersey, Macoupin, and St. 

Clair counties, but we were unable to locate the source of the records for Madison and 

Will counties (Figure 1). 

The five populations of large ground plum in Macoupin County are all located on glacial 

drift prairie communities (McClain et al. 2002). These small prairie inclusions within 

forests are not common, having developed on glacial drift deposits of Illinoian age. 

Edaphic conditions are probably responsible for their existence as the soils are highly 

eroded with little of the original A horizon remaining, are moderately well drained, are 

low in nutrients and organic content, and are slightly acidic with a pH of 6.7-6.9 (Hodges 

et al. 1990). These prairies occur on level to gently sloping ground, are less than 1 ha in 

size and dominated by prairie grasses and forbs; Andropogon gerardii Vitman (big 

bluestem) and Schizachyrium scoparium (Michx.) Nash (little bluestem) being the domi¬ 

nant grasses. 

The large ground plum is a common and very obvious component of these glacial drift 

prairies. In many years the plants are 40 cm tall with 1-25 basal stems per plant that pro¬ 

duced numerous racemes of pale yellow flowers that develop into nearly globose fruits 

15-30 mm across. Four of the five Macoupin County populations were studied for three 

growing seasons (Table 1). The number of ground plum plants present varied considera¬ 

bly throughout the study. The population at Beaver Dam State Park ranged from a low of 

89 individuals in 1998 to a high of 214 in 1999. At the Roderick Prairie Nature Preserve 

the number of individuals varied slightly over the time of the study, while on the pri¬ 

vately-owned Humphries Prairie, there was a continual increase during the time of the 

study (300 to 394). During the first year of the study Humphries Prairie was not grazed. 

Cattle were put on the site in the spring of 1999, and the area was grazed throughout the 

remainder of the study. The Bunker Hill population, located about 12 miles south of the 

other three populations, was in a small roadside prairie remnant that contained only a few 

plants. The small number of populations containing relatively few individuals suggest 

that large ground plum should remain on the endangered species list (Herkert and Ebin¬ 

ger 2002). 

Astragalus distortus Torrey & Gray (Ozark or bent milk vetch) is infrequent to locally 

common in the southeastern Great Plains from eastern Texas and Louisiana north through 

eastern Oklahoma, eastern Kansas, Arkansas and Missouri, to southern Iowa and western 

Illinois (McGregor 1986, Isely 1998). Outliers occur in the Appalachian Mountains of 

Virginia and West Virginia in eastern United States where the species is restricted to 

shale-slopes (Gleason and Cronquist 1991). A species of prairie remnants, open woods, 

old fields and pastures, it is presently found on disturbed sand prairie remnants, and in 

sandy roadsides in Illinois. According to Isely (1998), bent milk vetch is infrequent and 

most populations have been extirpated from the northern part of its range. Bent milk 

vetch has been collected from nine Illinois counties, mostly from the west central part of 

the state (Figure 1). Of the more than 40 specimens located in the 12 herbaria visited, we 
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were able to determine 16 probable localities from which the species had been collected. 

Many herbarium specimens were collected in the late 1800s, and lack specific collecting 

information (Cook, Menard, and St. Clair counties), and we found no extant populations 

in these counties. In addition, all of the collections from Adams, Pike and Whiteside 

counties were from the early to mid 1900s, and though three had sufficient collecting 

data, we were not able to find extant populations. 

Extant populations of bent milk vetch were found only in Cass, Mason, and Scott coun¬ 

ties. Two localities in Cass County were examined, and one site near the railroad just 

south of Beadstown, Illinois had a few large populations of bent milk vetch in 1995. 

Presently most of the individuals have been eliminated by railroad maintenance or herbi¬ 

cides, as later attempts to relocate this population resulted in only a few plants finally 

being located (Table 2). 

Of the two reported sites for bent milk vetch in Scott County, one contained an extant 

population, a loess hillside in the Sandy Creek Cemetery northwest of Glasgow. Here 45 

clumps of bent milk vetch were observed in 2000 and 55 were found in 2002 (Table 2). 

The population was healthy and was flowering and setting seed despite frequently mow¬ 

ing. Mowing is probably an advantage at this site because it reduces competition from 

numerous non-native grasses and forbs. 

Based on herbarium records, nine potential sites were located in the extensive sand and 

loess deposits of Mason County. All were visited at least twice and bent milk vetch 

populations were located at four sites. Populations were present on a loess ridge in Revis 

Hill Prairie Nature Preserve, on a sandy roadside adjacent to Sand Prairie Scrub Oak 

Nature Preserve, and along a sandy roadside on the west edge of the Barkhausen Woods 

Conservation Area (Table 2). In addition two plants were found on a sandy roadside 1 

mile north of the Sand Prairie Scrub Oak Nature Preserve (NW1/4 S2 T20N R9W). 

Based on information obtained from locations given on herbarium labels, the number of 

extant populations of bent milk vetch in Illinois has declined from 23 in the 1950s to only 

six at the present time. Of this total, four are located along the shoulder of roads or rail¬ 

roads, and one in a mowed cemetery. Only the population at Revis Hill Prairie Nature 

Preserve is relatively secure. Considering that there are only six known populations of 

this species in the state with few individuals, and the precarious position of most popula¬ 

tions, we recommend the addition of this taxon to endangered species status for Illinois. 

Astragalus tennesseensis Gray (Tennessee milk vetch) is an extremely rare species 

known from northern Illinois, central Tennessee, and northern Alabama (Isely 1998, 

Schwegman 1998). It occurs on limestone cedar glades in Alabama and Tennessee (Fer- 

nald 1950, Gleason and Cronquist 1991), and dolomite and gravel prairies of central and 

northern Illinois in DuPage, LaSalle, and Tazewell counties (Schwegman 1998). It has 

been extirpated from DuPage and LaSalle counties due to grazing, mining, and develop¬ 

ment, and is now known in Illinois from a single site in Tazewell County where it was 

discovered in 1947 (Schwegman 1998). 

Herbarium searches revealed only 11 specimens, including one each from Grundy and 

Ogle counties; two from LaSalle County; four from Tazewell County; and three from 
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Will County. Jones and Fuller (1955) recorded this species from five counties in north¬ 

eastern Illinois (Grundy, Lake, LaSalle, Ogle, Will), while Jones (1963) added Lee 

County. Mohlenbrock and Ladd (1978) added Mason and Tazewell counties, while Herk- 

ert and Ebinger (2002) added DuPage, Kankakee, and Rock Island counties. Except for a 

few recent collections from Tazewell County, all specimens were collected from 1839 to 

1907 (Figure 1). 

The only known extant native population of the Tennessee milk vetch in Illinois occurs at 

Manito Prairie Nature Preserve in Tazewell County (McFall and Karnes 1995). This 

population consists of a series of sub-populations growing on a sloping terrace edge and 

ravine slopes of a gravel prairie. Population size and plant survival was monitored from 

1984 to 1995 (Schwegman 1998). During that study the population ranged from 14 plants 

in 1989 to a high of 176 plants in 1990. The average number of plants present per year 

was 76.3, the average life span for 29 plants that survived their seedling year was 3.6 

years, while maximum longevity was 7 years. In 2002 the authors found 125 plants of 

Tennessee milk vetch on Manito Prairie Nature Preserve. Some of the sub-populations of 

Tennessee milk vetch recorded by Schwegman (1998) have disappeared due to invasion 

by Cornus drummondii C. E. Mey. (rough-leaved dogwood), and Coronilla varia L. 

(crown vetch). Tennessee milk vetch is presently listed as endangered in Illinois (Herkert 

and Ebinger 2002). 
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Figure 1. The distribution of the four native species of Astragalus in Illinois. (• = her¬ 

barium specimen seen; o = reported in literature but no herbarium specimen 

seen). 

Astragalus canadensis Astragalus crassicarpus 

Astragalus distortus Astragalus tennesseensis 
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Table 1. Total number of flowering plants of Astragalus crassicarpus var. trichocalyx 

observed at four gravel prairies in Macoupin County, Illinois. 

Year Beaver Dam 

State Park 

Roderick Prairie Nature 

Preserve 

Humphries 

Prairie 

Bunker Hill 

Roadside 

1998 89 55 300 9 

1999 214 78 372 9 

2000 173 68 394 12 

Table 2. Total number of flowering plants of Astragalus distortus observed at five 

localities in Cass, Mason and Scott counties, Illinois. 

Year Sandy Creek 

Cemetery 

Revis Hill 

Prairie 

Sand Prairie 

Scrub Oak 

Barkhausen 

Woods 

Beardstown 

Railroad 

2000 45 — 12 — — 

2001 — 117 17 2 — 

2002 55 — 4 — — 

2003 35 171 8 42 45 

— years in which no counts were made. 
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ABSTRACT 

The filmy fern (Trichomanes boschianum Sturm) reaches its northwestern-most exten¬ 

sion in Johnson, Hardin, and Pope counties in the Shawnee Hills of Southern Illinois 

where it grows almost exclusively on Pounds Sandstone of the Caseyville Formation. 

Twenty-three historic populations were visited and searches were made for new colonies. 

Although two new colonies were located, nine historic colonies have been extirpated 

since the 1950s. The condition of 13 of the 16 extant colonies was good, but recreational 

use threatened five colonies. Visitor use should be restricted and trees should not be 

removed within 100 meters of the colonies to prevent disturbance of the habitat. Periodic 

monitoring is recommended. 

INTRODUCTION 

The filmy fern (Trichomanes boschianum Sturm) is a delicate, branching, rhizomatous 

fern whose habitat is moist sandstone rockhouses, cliffs, and overhangs from Kentucky, 

southern Ohio, and southern Illinois south to Georgia, Arkansas, South Carolina, and 

Alabama (Gleason and Cronquist 1991, Mohlenbrock 2002). This taxon reaches its 

northwestern-most extension in Pope, Hardin, and Johnson counties within the Shawnee 

Hills of Southern Illinois where it grows almost exclusively on Pounds Sandstone of the 

Caseyville Formation of early Pennsylvanian age. The grains of Pounds Sandstone are 

more poorly cemented near the bottom of the layer, resulting in more rapid erosion at the 

base and the development of overhangs, the primary habitat for the filmy fern in Illinois 

(Schwegman 1999). Filmy fern is currently classified as endangered in Illinois due to its 

specialized habitat, small number of populations, and limited distribution (Herkert and 

Ebinger 2002). 

Evers (1961) first documented the distribution of the filmy fern in Illinois. Since that 

time, additional colonies have been discovered (Schwegman 1982), but no comprehen¬ 

sive assessment of known colonies or searches for new colonies have been conducted. 

Significant increases in recreational use of the Shawnee National Forest have occurred 

within the last two decades, increasing the potential for disturbance of filmy fern habitats. 
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The purpose of this study was to determine colony sizes, habitat requirements, and 

potential threats as well as to establish management guidelines for filmy fern populations. 

METHODS 

Photographs and field notes from Dr. Robert A. Evers were obtained from the Illinois 

Natural History Survey. Searches for specimens were made in herbaria (SIU, ILL, MO) 

and label data were recorded. Individuals knowledgeable of the flora of southern Illinois 

were contacted for locations of additional colonies, and other areas of suitable habitat 

were searched. A total of 23 known locations, as recorded on herbarium labels or in lit¬ 

erature (Evers 1961), were visited and searches were made for plants. 

When plants were found, the size of the colony, angle of exposure, bedrock type, and 

distance from the drip line were recorded. The vigor of the population, potential threats, 

and management recommendations were developed for each colony. Using the photo¬ 

graphs of Evers, comparisons were made with the existing colonies. 

RESULTS AND DISCUSSION 

Fourteen of the 23 historic locations for filmy fern were relocated during field studies. 

Searches in other areas of suitable habitat in Pope, Johnson, and Hardin counties resulted 

in the discovery of two previously unknown colonies, increasing the total number of 

extant colonies to 16. Nine historic colonies have been extirpated since the late 1950s due 

to habitat alteration. 

Except for one colony in Hardin County, all colonies were growing under overhangs of 

Pounds Sandstone of the Caseyville Formation. Overhangs of this sandstone form the 

primary habitat for the filmy fern in Illinois. The single exception is the Hardin County 

colony that is growing along the perimeter of a pit cave entrance partially formed by the 

collapse of Tar Springs Sandstone. 

Of the sixteen extant colonies, thirteen were in good condition based upon vigor of the 

plants (Table 1). The remaining three were considered to be in poor health due to reduced 

leaf densities and sizes. One of these colonies had an uncharacteristic glaucous sheen. 

Colonies having these characters were considered to be in decline by Evers (1961). Com¬ 

parisons of 1999 photographs with those of Evers from 1959 verified the reduced size of 

these three colonies. 

All of the colonies experienced some direct sunlight for a portion of the day during the 

summer. Some colonies had considerably more sunlight during the winter but apparently 

are tolerant of increased exposure to sunlight during colder months (Evers 1961). Of the 

16 extant populations, nine face east and six face west. The colony in the pit cave in Har¬ 

din County has east, west, and south exposures. None of the colonies have northern expo¬ 

sures (Table 1). 

There was no correlation between the distance of the filmy fern colony from the drip line. 

This distance, which varied from zero to 21 m, also had no apparent effect on colony 

size. The second largest colony (600 cm) and one of the smallest colonies (80 cm) were 
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immediately adjacent to the drip line while the largest colony (900 cm) was 21 m away 

(Table 1). 

Population loss is expected to continue due to habitat alteration. Recreational use cur¬ 

rently threatens five colonies on Shawnee National Forest lands. Large sandstone over¬ 

hangs are attractive to humans, and continued high visitor use could result in habitat 

alteration and the decline of additional filmy fern populations. Management recommen¬ 

dations include controlled visitor use and no tree removal within 100 meters of colonies. 

One population occurs within a privately owned hog lot and efforts should be made to 

remove the hogs from the area. All populations should continue to be monitored in the 

future. 
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Table 1. Size, exposure, distance from drip line, and condition of filmy fern (Tricho- 

manes boschianum Sturm.) populations in Hardin, Pope, and Johnson counties, 

Illinois. 

Site Population 

Length (cm) 

Exposure 

Angle 

Distance from 

Drip Line (m) 

Condition 

Hardin 600 E to S to W Oto 1 Good 

Johnson # 1 499 N 75 °E 6.0 Good 

Johnson # 2 134 N 75 0 E 1.8 Good 

Johnson # 3 54 S 85 °E 3.57 Good 

Johnson # 4 161 N 40 0 W 5.7 Good 

Johnson # 5 523 N to S 75 0 W 8.0 Good 

Johnson # 6 201 S 50° W 4.4 Good 

Johnson # 7 103 N 35° E 7.7 Poor 

Johnson # 8 103 N 90° E 6.8 Good 

Pope # 1 48 N 80° E 4.6 Good 

Pope # 2 16.5 S 90° W 7.1 Poor 

Pope # 3 104 S 30° W 11.5 Poor 

Pope # 4 944 S 35° E 21.0 Good 

Pope # 5 80 N 55° W 0.7 Good 

Pope # 6 128 N 35° E 0.1 >0.7 Good 

Pope # 7 107 S 40° E 2.0 Good 
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ABSTRACT 

FMRFamide is a neuropeptide found in molluscs and other invertebrates and is used in 
vitro to examine molluscan neurophysiology. Our goal was to produce biologically active 
recombinant FMRFamide as a model for the production of other recombinant neuropep¬ 
tides. FMRFamide was chosen because of our experience in working with this peptide 
and its corresponding bioassay. Because FMRFamide is fully biologically active only 
when a-amidated, amidation was carried out in vitro on a glycine extended precursor, 
FMRFG, using peptidyl glycine alpha-amidating monooxygenase (PAM). In order to 
more easily isolate and purify FMRFG, the peptide was generated as a fusion protein 
with maltose binding protein (MBP). These two regions were separated by a recognition 
sequence for the coagulation enzyme Factor Xa. This allowed us to generate a convenient 
amidation strategy, in which the fusion partners could be enzymatically separated fol¬ 
lowing amidation. Recombinant FMRFamide was then purified by HPLC, and analyzed 
using a clam heart bioassay. This work serves as a model for the generation of other 
recombinant peptides requiring a-amidation. 

INTRODUCTION 

a-Amidation is a very important post-translational modification. In vertebrates, half of all 
biopeptides undergo post-translational alpha-amidation in order to become fully active. In 
insects, more than 90% of neuropeptides are amidated, and mutations in the gene respon¬ 
sible for amidating peptides is lethal (Jiang et al., 2000). a-Amidated peptides are found 
widely in vertebrates and invertebrates and include substance P, neuropeptide Y, oxyto¬ 
cin, vasopressin, secretin, calcitonin, gastrin, and pancreastatin (Merkler et al., 1994, 
Prigge et al., 2000; Tateishi et al., 1994). The amide is formed by hydroxylation of a gly¬ 
cine residue, which produces a peptide amide and glyoxylic acid. The amidation reaction 
is performed by peptidyl-glycine alpha-amidating monooxygenase (PAM). PAM is a 
multifunctional enzyme containing two domains which catalyze peptide amidation 
(Ouafik et al., 1992). The amino terminal domain is peptidylglycine a-hydroxylating 
monooxygenase (PHM) which catalyzes the stereospecific hydroxylation of the glycine 
a-carbon of peptidyl-glycine substrates. Near the carboxy terminal end is the peptidyl-a - 
hydroxyglycine a-amidating lyase (PAL) domain which generates the a-amidated pep- 
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tide product and glyoxylate (Prigge et al., 1997). It has been shown that PHM and PAL 

can be expressed independently (Eipper et al., 1991) and in fact exist as independent 

enzymes in Drosophila (Kolhekar et al., 1997). 

One of the many neuropeptides that requires a-amidation for full biological activity is 

FMRFamide. FMRFamide is a four amino acid peptide that is commonly found in mol¬ 

luscs and annelids (Price and Greenberg, 1977). FMRFamide has been shown to have a 

variety of effects, acting as a neuropeptide, neurotransmitter, and neuromodulator. The 

biological activity of FMRFamide is mainly the result of the arginine residue and C-ter- 

minal amide (Painter et al., 1982). FMRFamide belongs to a class of peptides that inte¬ 

grate signals to and from the nervous system (Krajniak and Price, 1990). Other members 

of the FMRFamide-Related Peptide (FaRP) family, which consist of N-terminal exten¬ 

sions of the tetrapeptide, are found in Drosophila and chordates. The aim of this project 

was to design a system in which active recombinant FMRFamide could be collected and 

tested with the possibility of adapting this system to other peptides that require a-amida- 

tion. This system makes use of a fusion of recombinant FMRFamide to a secreted version 

of the maltose binding protein (MBP) located on the plasmid pMal-p2 (New England 

Biolabs), generating a fusion protein that can be purified from the Escherichia coli 

periplasmic space. At the carboxy terminus of MBP there is a recognition site for the 

protease factor Xa (Maina et al., 1988). Thus, upon purification of the MBP-FMRFamide 

fusion protein, a precise cleavage of MBP can occur and the amidated product recovered. 

MATERIALS AND METHODS 

Expression vector construction 
Two single stranded oligonucleotides, (TTTATGCGTTTCGGAT & FMRF AATTAT- 

CAGAAACGCATAAA) were synthesized by Sigma-Genosys, kinased, and annealed to 

create a double stranded oligonucleotide. This double-stranded oligo was ligated to the 

expression vector pMal-p2 (New England Biolabs), which had been previously digested 

with Xmn 1 and Eco Rl. 

The ligation reaction was then transformed into competent JM101 E. coli cells. Two 

ampicillin resistant colonies were selected by blue/white screening. DNA was extracted 

from both cultures which were then designated rp2.1 and rp2.2. Separate restriction 

digests were performed on purified DNA from these clones using Eco Rl and Xmn 1, 

which were then visualized on a 0.7% agarose gel to confirm the presence of the FMRFG 

insert. PCR analysis was performed and DNA from PCR positive clones was sent to the 

University of Chicago DNA Sequencing Center for analysis. 

Expression, amidation, and purification of recombinant FMRFamide 
The fusion protein was then expressed and extracted following the protocol outlined 

below. Cells containing rp2.1 were grown to a concentration of 2-4 x 108 cells/ml in a 1- 

liter solution of rich broth (Luria containing 3 g/L glucose) supplemented with 100 mg/L 

ampicillin. The cells were then induced using IPTG (0.3 mM) and incubated at 37°C for 

approximately two hours. The cells were then centrifuged at 4000 x g for 20 minutes. The 

pellet was resuspended in 30 mM Tris-HCl, 20% sucrose, 1 mM EDTA and shaken for 5- 

10 minutes at room temperature. The cells were then centrifuged at 8000 x g for 20 min¬ 

utes at 4°C. The pellet was then resuspended in 100 ml of ice cold 5 mM MgSQ4, and 
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allowed to shake for 10 minutes in an ice bath. The solution was then centrifuged at 8000 

x g for 20 minutes at 4°C. The (soluble) protein fraction recovered is termed the cold 

osmotic shock fraction (COSF). The COSF was concentrated using a 10K Microsep Con¬ 

centrator cup (Pall Gelman) by centrifuging at 7000 x g (~1 ml/hr). This concentrated 

protein solution (in the retentate) was then analyzed on a 10% SDS-PAGE gel using puri¬ 

fied MBP (New England Biolabs) as a standard. The gel was stained with Coomasie Blue 

R-250 solution for 4 hours, destained, and then visualized on an Eagle Eye Imaging Sys¬ 

tem (Stratagene). 

An amidation reaction was prepared using a method similar to Kolhekar et al. (1997). 

The reaction mixture was prepared in a 10K Nanosep concentrator (Pall Gelman) con¬ 

taining 100 pi of the protein concentrate, 250 pi of 2X amidation buffer [60 mM TES, 

0.002% (v/v) Triton X-100, 2% (v/v) EtOH, 10 mM KI, 1 pM CuS04, 3 mM sodium 

ascorbate], 135 pi dH20, 0.85 pi of catalase (10 pg/ml final) and 7 pi of a-AE (PAM); 

(Unigene Technologies). The reaction was then incubated overnight at 37°C. The buffer 

was removed by centrifugation through the 10K nanosep filter using until approximately 

100 pi remained. To this, 400 pi of wash buffer (20 mM Tris-HCl pH 7.4, 200 mM NaCl, 

1.0 mM EDTA, 10 mM maltose) was added to dilute out the remaining amidation buffer. 

The concentration cup was then centrifuged until 200 pi of amidated fusion protein 

remained in the top of the cup. The amidated fusion protein was then cleaved with 5 pi of 

1 pg/pl Factor Xa (New England Biolabs). The Nanosep concentrator was then centri¬ 

fuged until all of the cleaved peptide solution had gone through the filter. 

Analysis of recombinant FMRFamide 

The peptide solution (which had gone through the final 10K filter centrifugation) was 

then collected and loaded onto a reverse phase HPLC column (Supelco Discovery C-18 

measuring 25 cm x 4.6 mm) at a flow rate of 1 ml/min using a linear gradient of 16% 

acetonitrile, 0.1% trifluoroacetic acid (TFA) to 32% acetonitrile, 0.1% TFA over 20 min¬ 

utes. Fractions were collected every minute and the absorbance of the eluent was moni¬ 

tored at 210 nm. Retention times for authentic FMRFamide and FMRFG were estab¬ 

lished using commercial peptides (Sigma Chemicals; St. Louis, MO). 

HPLC fractions that corresponded to the appropriate retention time for commercial 

FMRFamide were dried in a speed vac and resuspended in 40 pi ddH20. Clam hearts dis¬ 

sected from Mercenaria mercenaria (obtained from a local grocery store) were dissected 

and suspended in a 4 ml chamber filled with Crystal Sea artificial seawater (Price and 

Greenberg, 1977). One atrium of the heart was connected via a thread to a support rod, 

and the other atrium connected to a Grass force transducer. A Grass RPS 212 amplifier 

was used to detect the contractions of the heart. Teaching Lab System software (version 

1.2; Sable Systems) was used to record and analyze the frequency and amplitude of the 

contractions. The heart was first dosed with 40 pi of artificial seawater. Commercial 

FMRFamide was serially diluted to concentrations of 10 8 M to 104 M in artificial sea¬ 

water and 40 pi of each was applied to the heart, one at a time, starting with the lowest 

concentration. Also, 40 pi of the HPLC fraction of in vitro amidated recombinant 

FMRFamide was administered to the clam heart, flushing with seawater between each 

dose. Data for all doses were collected and analyzed to determine the percent change in 

amplitude of contraction caused by each dose. A standard log dose-response curve was 

created to determine approximately how much FMRFamide was present. 
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RESULTS AND DISCUSSION 

Expression vector design 

Restriction digests and PCR analysis indicated that the oligos had been integrated into 

clone rp2.1. DNA sequencing (data not shown) indicated that the rp2.1 sample consisted 

of a double stranded recombinant plasmid containing the FMRFG sequence and this 

clone was chosen for the expression and amidation steps. 

Expression, amidation, and purification of recombinant FMRFamide 

A 10% SDS-PAGE gel was run to evaluate the proteins in the COSF. The visible band in 

the COSF had a similar migration rate to that of the maltose binding protein standard, 

suggesting that this was the MBP/FMRFG fusion protein (results not shown). These 

results indicate that the fusion protein was appropriately expressed and transported to the 

periplasmic space of the E. coli cells. 

The results of the in vitro amidation and subsequent cleavage with Factor Xa were ana¬ 

lyzed using HPLC. Commercial FMRFamide showed a peak at 13.08 minutes, and com¬ 

mercial FMRFG showed an elution time averaging 14.43 minutes. These times were used 

as a standard for comparison of the recombinant product. The peak for the recombinant 

peptide eluted at 13.29 minutes, indicating the presence of FMRFamide (Figure 1). The 

amount present was estimated to be approximately 200 pmol. 

Analysis of rFMRFamide activity 

HPLC purified recombinant FMRFamide was then tested in a clam heart bioassay. The 

change in amplitude of contraction was calculated by measuring the parameters for five 

beats before and after administering each dose. The control dose containing only sea¬ 

water showed no bioactivity. The bioassays for the experimental samples showed sub¬ 

stantial activity, with a 93% increase in amplitude (Figure 2). The data from dilutions of 

commercial FMRFamide was used to create a standard curve allowing for the calculation 

of the concentration of recombinant FMRFamide (Figure 3). This was determined to be 

approximately 200 pmol, which is the same concentration as determined by HPLC analy¬ 

sis. 

CONCLUSIONS 

The results obtained from the clam heart bioassay and HPLC indicate the presence of 

active recombinant FMRFamide. This system has the potential to be used for the in vitro 

production of other products that require a-amidation. Also, this system can be used in 

further experiments to assess the bioactivity of other peptides that require amidation. In 

vitro amidation of other peptides such as salmon calcitonin have also been completed in 

vitro (Ray et al., 1993 & Hong et al., 2000). The techniques used in the production of 

calcitonin also require the initial production of a fusion protein to a glycine extended sub¬ 

strate followed by amidation. However, additional steps are included that are not required 

with the methods outlined within this paper. After production of the recombinant fusion 

protein, it was cleaved by cyanogen bromide and then recovered through affinity chro¬ 

matography. Calcitonin was then amidated by recombinant a-amidating enzyme, and 

then purified again using CEX-HPLC (Ray et al., 1993). However, the techniques out- 
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lined within this paper are more streamlined. After the production of the recombinant 

peptide and transfer to the periplasmic space, the COSF protocol offers an easy way to 

recover the fusion protein through breaking down the outer cell wall. The use of spin fil¬ 

ters to concentrate the recombinant protein allows for very little loss of protein due to the 

large size of the MBP-fusion protein. The protein can then also be amidated within these 

same spin filters through the addition of the amidating enzyme, catalase, and necessary 

cofactors for each enzyme. After washing the amidation co-factors through the filter, the 

enzyme Factor Xa cleaves MBP, allowing the recombinant protein to now flow through 

the filter to be recovered. It is hoped that the techniques outlined within this paper will 

lead to the high efficiency production of any peptide requiring amidation for full activity. 
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A) 

Figure 1. HPLC tracings comparing the retention times of commercial and in vitro ami- 

dated recombinant FMRFamide. (A) Commercial FMRFamide with a peak at 

13.29 minutes. (B) In vitro amidated recombinant FMRFamide with a peak at 

13.08 minutes. Similar retention times were noted over several trials. 
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A) 

Figure 2. Clam heart bioassay, comparing the effects of (A) artificial seawater, (B) 

commercial FMRFamide (10 6 M), and HPLC purified in vitro amidated 

recombinant FMRFamide (see Figure 1). Vertical axis indicates amplitude of 

contractions, while the horizontal axis indicates frequency of contraction over 

time. Horizontal dashed line indicates point in time at which the sample was 

added. Concentration of recombinant FMRFamide was determined using a 
standard curve (Figure 3). 
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FMRFamide concentration (M) 

Figure 3. Standard curve based on concentration of commercial FMRFamide at various 

concentrations (as in Figure 2) versus the amplitude of contraction caused by 

that treatment. This was used to determine the concentration of recombinant 

FMRFamide. 
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ABSTRACT 

Tetrahymena vorax is a polymorphic ciliate that exhibits two dominate cell types: a 

microstomal cell that filter-feeds on small particles and bacteria, and the macrostomal 

cell which feeds carnivorously on smaller eukaryotic cells including other species of Tet¬ 

rahymena. When a population of microstomal cells is suspended in stomatin (a trans¬ 

forming principle released by a potential prey, Tetrahymena pyriformis), a high percent¬ 

age differentiate synchronously into the macrostomal form within 360-420 min. By 

applying para-fluoro-L-phenylalanine, a protein synthesis inhibitor at 30 min intervals 

throughout the process of differentiation, we identified a critical time period between 

150-180 min following stomatin addition, when most of the inhibitor-treated cells were 

no longer competent to form the macrostomal cell type. Inhibitor treatment before or after 

this period had little effect on levels of differentiation. One interpretation consistent with 

this result, is that proteins required for differentiation of the macrostomal form are syn¬ 

thesized during this time period. 

Key Words: active principle, buccal apparatus, protein synthesis inhibitor, stomatin, 

transformation, transforming principle. 

INTRODUCTION 

Tetrahymena vorax is a polymorphic ciliate that exhibits two dominate cell types: the 

microstomal form is designed as a filter feeder and can be grown axenically in the labo¬ 

ratory. The small buccal apparatus of this cell type is designed to capture small particles 

including bacteria through a cytostome of approximately 2 um in diameter. The mac¬ 

rostomal cell type is a voracious carnivore capable of engulfing and feeding on smaller 

cells including other species of Tetrahymena. In nature, the macrostomal cell engulfs 

prey through a large cytostome (15-20 um in diameter). The prey then passes into a large 

receptacle called the cytopharyngeal pouch where digestion takes place (Fig. 1). 
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Division or macrostomal differentiation of T. vorax can be controlled under laboratory 

conditions (Buhse, 1967a). If a population of stationary growth phase microstomal cells 

is washed and suspended in a non-nutrient inorganic medium, the microstomal cells 

divide doubling the population within 360 min. If the population of microstomal cells is 

washed and suspended in stomatin1, a transforming principle released by the potential 

prey, Tetrahymena pyriformis, they differentiate synchronously into the potentially car¬ 

nivorous macrostomal cells within 360-420 min following suspension in stomatin 

(Buhse, 1967a). In this system, cell division and macrostomal differentiation are mutually 

exclusive processes. During cell division, a new oral apparatus for the potential posterior 

daughter cell begins as an anlagen of kinetosomes in the mid-region of the cell and orga¬ 

nizes into the oral structures of the posterior daughter (Holsen, 1969). Then the cell 

divides transversely forming two microstomes. During differentiation into the mac¬ 

rostomal cell-type, the oral apparatus of the microstomal cell is resorbed and replaced 

from an oral anlagen that forms directly behind the resorbing oral apparatus (Buhse, 

1966). Macrostomal differentiation is dependent on new RNA and protein synthesis 

(Buhse et al., 1974, Nicolette et al., 1971). Initiation of macrostomal differentiation is 

correlated with increased levels of transcription and translation (Buhse and Cameron, 

1968). Inhibitors of transcription and translation prevent stomatin-induced macrostomal 

formation (Buhse, 1967b). For a current review of the biology of T. vorax, please see 

Ryals et al., 2002. 

In order to obtain a better understanding of the events of macrostomal differentiation, 

stomatin-stimulated differentiating microstomal cells were subjected to a series of sub- 

lethal heat-shocks at defined times following stomatin addition ( Holsen, 1969, Holsen 

and Buhse, 1969). This approach of using selectively applied heat-shocks has been suc¬ 

cessful for biochemical dissection of the cell cycle in T. pyriformis (Rasmussen & 

Zeuthen, 1962, Frankel, 1962, 1967). Experiments performed by Holsen, (1969) and Hol¬ 

sen and Buhse, (1969) using this technique showed that microstomal cells heat-shocked 

before 120 or after 180 min following stomatin addition differentiated at levels that were 

comparable to non-heat-shocked controls. However, when cells were subjected to 30 min 

sub-lethal heat shocks between 150 and 180 min, there was a significant decrease in the 

levels of macrostomal differentiation. Based upon these findings, they hypothesized that 

this period of heat sensitivity depended upon the synthesis of differentiation-specific 

proteins because heat shocks had been previously shown to interfere with the synthesis of 

“division protein” in T. pyriformis (Rassmusen and Zeuthen, 1962). Furthermore, Holsen 

and Buhse observed that the majority of cells that were heat shocked during this period of 

time did not form macrostomal cells, but rather divided into two microstomal cells. 

The purpose of this current study is to examine macrostomal differentiation by subjecting 

stomatin-stimulated microstomal cells to the protein synthesis inhibitor para-fluoro-L- 

phenylalanine (p-F-L-Phe). This inhibitor has been shown to block translation by inter¬ 

fering with the formation of L-phenylalanine-tRNA (Maclean and Herbert, 1971). There 

are several reasons for selecting p-F-L-Phe for our inhibitor experiments2. First, p-F-L- 

Phe has been used previously to analyze the molecular and morphogenetic events of cell 

division in T. pyriformis (Rasmussen and Zeuthen, 1962, Frankel, 1962, 1967). Second, 

its effects should be reversed by addition of phenylalanine which will allow us to apply 

“pulses”of the inhibitor at different times during differentiation, imitating the same pro- 
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cedure used for the heat shock experiments described earlier. Third, the proposed inhibi¬ 

tion-reversal pulse treatment should cause minimal non-specific trauma to the fragile 

differentiating cells. 

MATERIALS AND METHODS 

Cell maintenance 

Populations of T. vorax and T. pyriformis were maintained in 500-ml Erlenmeyer flasks 

containing 50 ml of Loefer’s medium, 1.5 % proteose peptone (Difco laboratories-Detroit 

MI), 0.5 % bacto-casitone (Difco), 27 mM dextrose, 34 mM NaCl, 7.3 mM K2HP04, 7.0 

mM NaH2P04, 0.05 % yeast extract, 1.2 mM MgS04 ( Loefer et al., 1958). For experi¬ 

ments, 10 ml of cell/medium suspension were transferred every 48 hours into fresh 

medium. Cells were grown in the dark at 20° C. 

Production of stomatin 

Fifty ml of Loefer’s medium containing 48 hr T. pyriformis cells were inoculated into a 

2.8 L low form flask containing 1 L of Loefer’s media. The cells were incubated at 20° C 

for 48 hr and then washed into glass distilled water by centrifugation (three times) at 360 

g using a Sorvall GSA rotor. They were then suspended overnight in a final volume of 

200 ml of glass distilled water contained in a 2.8 L low form flask. The next day, the cells 

were removed by three sequential centrifugations at 460 g for 10 min in an IEC model 

HN-SII-Centrifuge (International Equipment Company, Needham Heights, MA), fol¬ 

lowed by a 4000 g for 20 min, and the final spin at 16,000 g for 20 min in a Sorvall 

model RC5B centrifuge using a SS34 rotor head. The liquid was evaporated to dryness 

by roto-evaporation. The dried stomatin was rehydrated to give a final concentration of 6 

mg/ml. This volume was passed through a 0.45 um filter (Nalgene syringe filter) and ali- 

quated into 1-ml samples, and then stored at minus 70° C for later use. 

Macrostomal cell induction 

Forty-eight hr T. vorax microstomal cultures were washed three times (1500 rpm using an 

IEC model centrifuge) in inorganic medium containing 7.3 mM K2HP04, 7.0 mM 

NaH2P04, 1.2 mM MgS04 (Sherman et. al, 1983) and the cell density was adjusted to 8 x 

104 cells/ml. Five-tenths ml of the cell suspension was mixed with 0.5 ml of stomatin 

solution and placed in 120 x 20 mm screw cap culture tubes. This yielded a stomatin con¬ 

centration of 3 mg/ml and a final cell density of 4 X 104 cells/ml. The stomatin-cell sus¬ 

pension was incubated at 20° C for 480 min. The cells were then fixed by addition of 5 

drops of Bouin’s fluid, and the number of cells that differentiated into the macrostomal 

form was determined by direct observation using a Leitz Ortholux microscope. At least 

500 cells were examined for each determination. All experiments were repeated at least 

twice and only experiments where differentiation in the positive control were between 

50-70 % are reported. 

General design of inhibitor experiments 

/7-fluoro-L-phenylalanine (/?-F-L-Phe), /?-fluoro-D-phenylalanine (p-F-D-Phe), L-pheny- 

lalanine, (L-Phe) and D-phenylalanine (D-Phe) were purchased from Sigma Corporation 

(St. Louis, MO). All compounds were suspended in inorganic medium on the day of the 

experiment. At the end of 480 min all cells were fixed in Bouins fluid and the percentage 
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of differentiation determined by dividing the percentage of differentiation in the treated 

population by the percentage of differentiation in the positive control. 

Methods for specific experiments 

For experiments to determine the effect of /?-F-L-Phe on macrostomal differentiation, 

stomatin-stimulated cells were exposed to different concentrations of this inhibitor for 

480 min. A non-drug treated population of stomatin-stimulated microstomal cells was 

used as the positive control while a population of microstomal cells suspended in inor¬ 

ganic medium (IM) was the negative control. At the end of 480 min, the cells were fixed 

in Bouin’s fluid and the percentage of macrostomal differentiation determined. For this 

and for the following experiments, the data are expressed as the percentage of differen¬ 

tiation in the drug treated populations, as compared to differentiation in the positive con¬ 

trol. 

In order to determine whether or not L-Phe could reverse the effect of 

p-F-L-Phe, the following experiment was performed. One ml of stomatin stimulated 

microstomal cells was suspended in each of 12 (120 x 20 mm) Kimax culture tubes. The 

first group of differentiating microstomal cells were exposed to 2 or 4 mM /?-F-L-Phe 

(final concentration) for 480 minutes. The second group of microstomal cells were 

exposed to 2 or 4 mM /?-F-L-Phe (final concentration) for 60 minutes post stomatin addi¬ 

tion, followed by the addition of 21 mM L-Phe (final concentration). To a third group of 

non-drug treated differentiating stomatin stimulated microstomal cells, 21 mM L-Phe was 

added. The fourth group of stomatin induced cells served as the positive control. A fifth 

population of non-stomatin treated cells suspended in IM acted as a negative control (data 

not shown). 

In order to determine if the D-isomer of p-F-Phe, or D-Phe were effective in preventing 

or sparing differentiation of macrostomal cells, respectively, the following experiment 

was performed. One ml of stomatin treated microstomal cells were suspended in each of 

the 14 (120 x 20 mm) Kimax culture tubes. The first group of differentiating microstomal 

cells were exposed for 480 minutes following stomatin addition to 2 mM (final concen¬ 

tration) of D or L-isomers of /?-F-Phe. The second group of stomatin-stimulated 

microstomal cells were exposed to 2 mM (final concentration) of D or L-isomer of p-F- 

Phe for 60 minutes, followed by addition of 21 mM (final concentration) of L-Phe. The 

third group of microstomal cells were exposed to 2 mM (final concentration) of the D or 

L-isomers of /?-F-Phe for 60 min followed by addition of 21 mM (final concentration) of 

D-Phe. A fourth group of stomatin stimulated cells was the positive control. 

In order to determine the effect of 30 minute pulses of /?-F-L-Phe throughout the differ¬ 

entiation cycle, the following experiment was performed. One-ml of stomatin-stimulated 

differentiating cells was suspended in each of 16 (120 x 20 mm) culture tubes. A total of 

7 pulses of the inhibitor were given, beginning at 60 min intervals, post stomatin treat¬ 

ment and compared to a positive control. 

RESULTS AND DISCUSSION 

We determined that p-F-L Phe effectively prevented macrostomal differentiation in a 

concentration-dependent manner (Table I). Two or 4 mM /?-F-L-Phe were selected for 
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experimentation because they prevented 96 and 97 % inhibition of macrostomal differen¬ 

tiation, respectively. It has been reported that this inhibitor interferes with gene expres¬ 

sion by preventing formation of phenylalanine acyl-t-RNA as proposed by Maclean and 

Huber (1971). Next we determined if the effect of /?-F-L-Phe could be reversed by addi¬ 

tion of L-phenylalanine (L-Phe). Table II shows that while 2 or 4 mM p-F-L Phe pre¬ 

vented 99 and 98 % differentiation, respectively, addition of 21 mM L-phenylalanine 

reversed inhibition in both cases. Understandably, the level of reversal was correlated 

with the ratio of inhibitor to metabolite. L-Phe reversal of microstomal cells treated with 

4 mM /?-F-L-Phe (ratio 5.25 to 1) was 27 % lower than that treated with 2 mM /?-F-L-Phe 

where the ratio is 10.5:1. Interestingly, transforming cells treated with 21 mM L-pheny¬ 

lalanine differentiated at 74 % of control values. Stomatin has been shown to contain 

many products of nutrient quality including amino acids, lipids in addition to nucleic acid 

derivatives (Buhse, 1965). Thus, one possible explanation is that the nutrient value of 

stomatin was increased by the addition of 21 mM L-Phe, so that the ratio of the active 

principle (hypoxantine-uracil-iron) to nutrients was reduced decreasing the level of dif¬ 

ferentiation. 

The results presented in Table III shows that while /?-F-L-Phe prevented 98 % of sto¬ 

matin- treated cells from differentiating into the macrostomal cell-type, the D-form of 

this drug had no effect. In fact, cells treated with /?-F-D-Phe differentiated at a higher 

level than the control. Furthermore, the D-Phe isomer failed to reverse inhibition of dif¬ 

ferentiation caused by p-F-L-Phe while the L-form caused reversal. These results are 

consistent with the fact that the D-isomers of amino acids are not metabolized by cells 

(Stryer, 2000). Taken together, the effects of /?-F-L-Phe appear to be specific in blocking 

protein synthesis. Consistent with this conclusion is our observation that the inhibitory 

effect is reversed following addition of L-Phe. 

We have identified a period of time between 150-180 min post-stomatin treatment where 

the levels of macrostomal differentiation are reduced as compared to the non-treated 

controls (Table IV). There appears to be little effect of the analogue on differentiation 

before or after this window. Most interestingly, as shown in Fig. 2, this window corre¬ 

sponds exactly to the same period of sensitivity induced by application of heat shocks to 

differentiating cells (Holsen and Buhse 1969). In fact, the shape of the curves generated 

by these two different perturbations are remarkable similar in most all details (Fig. 2). 

This observation is consistent with the hypothesis that proteins required for differentia¬ 

tion of the macrostomal phenotype are synthesized during this window of time. Addition¬ 

ally, studies by Buhse (1967b), who blocked macrostomal differentiation using inhibitors 

of transcription and translation and Cameron and Buhse, (1968) who showed that rounds 

of RNA and protein synthesis occurred early in differentiating cells, supports the idea that 

macrostomal differentiation is dependent upon protein synthesis. Additionally, it has been 

shown that differentiating microstomal cells challenged by sub-lethal heat shocks 

between 150-180 min following stomatin addition caused them to abandoned the mac¬ 

rostomal pathway and switch to the division pathway (Holsen and Buhse, 1969). Whether 

or not differentiating cells treated in this time period with /?-F-L-Phe also switch to the 

division pathway has yet to be determined. 

Future investigations plan to focus on the differentiation-specific proteins that are synthe¬ 

sized between 150-180 min. Several studies identify possible differentiation-specific 
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protein candidates. Although Buhse and Williams (1982) using 1-D SDS PAGE reported 

no significant differences in the pattern of cytoskeletal or membrane proteins between the 

microstomal and macrostomal forms of T. vorax, Gulliksen et al. (1984) using 2-D SDS 

PAGE reported a total of 52 proteins isolated from the oral apparatus of the macrostomal 

form that were not found in the microstomal form. Yang and Ryals (1994) reported a 

critical role for ongoing glycosyl phosphatidyl inositol units (GPI-anchored protein syn¬ 

thesis) and assembly during differentiation. Zhang and Smith-Somerville (1996) report 

the appearance of several polypeptides in stomatin-stimulated microstomal cells that are 

absent from uninduced control cells. Most recently, Green et al., (2000) reported a puta¬ 

tive macrostomal specific protein sequence derived from a gene that was transcribed 

during macrostomal differentiation. Using radiolabeled amino acids, it should be possible 

to identify proteins synthesized between 150 and 180 min for both differentiating cells 

suspended in stomatin and for dividing cells suspended in inorganic medium. 

Although the two curves presented in Fig. 2 are strikingly similar and suggest that syn¬ 

thesis of macrostomal-specific proteins are inhibited by heat shocks or by /?-F-L-Phe, the 

mechanism of action of these treatments might be different. /?-F-L-Phe may inhibit the 

level of protein synthesis directly by blocking or lowering the levels of translation of all 

proteins including those required for macrostomal formation. It is equally possible that 

both heat and /?-F-L-Phe induce formation of stress proteins. The heat shock treatment 

causes formation of stress proteins called heat shock proteins (Linquist,1986). Addition¬ 

ally, Verbeke et al. (2001), reported that stress proteins can form in response to treatment 

with amino acid analogues. Under this scenario stress proteins would be produced by 

both treatments. Stress proteins induced by heat shocks have been described from both 

Tetrahymena thermophila (Williams and Nelsen, 1997) and T. vorax (Buhse and Wil¬ 

liams 1984). It should be possible to determine their mechanism of action using radiola¬ 

beled amino acids and comparing the pattern of protein synthesis induced by heat or p-F- 

L-Phe. If the protein synthesis patterns induced by these treatments show synthesis of a 

few similar proteins at the expense of other synthesis, then it is highly likely that both 

treatments function by inducing stress proteins. 

CONCLUSIONS 

We have identified a critical time period between 150-180 min following stomatin addi¬ 

tion, when most p-F- L-Phe-treated cells are no longer competent to form the macostomal 

cell type. Failure of differentiating cells to express these proteins during this time results 

in a pathway switch leading to cell division. Based on these results we conclude that this 

window of competence is correlated with expression of differentiation-specific proteins. 

These findings will allow us to identify the elements responsible for differentiation of the 

macrostomal phenotype by focusing on the proteins that are synthesized during this criti¬ 
cal window. 
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FOOTNOTES 

1 The active principle of stomatin is as an iron chelate of hypoxanthine and uracil 

(Smith-Somerville et al., 2000). 

2 Experiments “pulsing” the protein synthesis inhibitor cycloheximide failed because 

removal of the drug required several sequential washing steps that were accomplished 

by centrifugation. This treatment prevented macrostomal differentiation in all cells 

including the positive control. 
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Table I. The effects of different concentrations of p-fluoro-L-phenylalanine (p-F-L- 

Phe) on stomatin-stimulated macrostomal differentiation. 

Drug concentration (mM) % Positive control Standard Error of the Mean (SEM) 

0.5 14 1.9 

1.0 9 1.3 

2.0 4 0.8 

4.0 3 0.4 

Table II. The effect of L-phenylalanine (L-Phe) on stomatin treated differentiating 

microstomal cells suspended in p-F-L-Phe. 

Group Treatment % control 

j 2 mM p-F-L-phe 

4 mM p-F-L-phe 

0.4 

0.2 

2 mM p-F-L-phe + 21 mM L-Phe 103 

4 mM p- F-L-phe + 21 mM L-Phe 76 

3 21 mM L-phe 74 
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Table III. The effect of the D or L isomer of /?-F-Phe and Phe on 

macrostomal differentiation. 

stomatin-stimulation 

Groups Treatment % control 

1 
2mM /7-F-L-Phe 2 

2mM /?-F-D-Phe 117 

2mM /?-F-D-Phe + 21mM L-Phe 70 
z 

2mM /?-F-L-Phe + 21mM L-Phe 86 

2mM /7-F-D-Phe + 21mM D-Phe 102 

2mM-/7-F-L-Phe + 21mM D-Phe 3 

Table IV. The effect of 30 min pulses of /?-F-L-Phe given to cells at different times dur¬ 

ing the stomatin-induced differentiation. 

Time of administration (min)% control 

60-90 88 

90-120 104 

120-150 73 

150-180 32 

180-210 58 

210-240 76 

240-270 82 
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ABSTRACT 

Two intense, short-duration rainstorms occurred in Illinois and adjacent states during 

mid-August 2002, and many storm characteristics (duration, orientation, rain intensity, 

and weather conditions) were similar to those of 36 past Illinois-centered rainstorms 

assessed in detail over the past 50 years. However, the 2002 storms had two features 

unlike those found in any prior rainstorms assessed. The two storm events occurred just 

2.5 days apart and in adjacent areas, and no past storms had occurred in such close time 

proximity. Slow movement of the stationary front, the focus of the two storms, caused 

these two storms to occur within a 72-hour period. The other difference concerned the 

pre-storm summer moisture conditions. Both August storms occurred where antecedent 

summer rainfall was much below normal and temperatures above normal for 2.5 months, 

creating much below normal soil moisture conditions. All 36 prior storms studied 

occurred where pre-storm rainfall was at or above average, and this difference in mois¬ 

ture greatly affected the impacts produced by the August 2002 storms. Neither storm pro¬ 

duced the magnitude of flood damages that comparable prior storms had done. The heavy 

August 2002 rainstorms recharged the soil moisture leading to major increases in soybean 

yields, representing a gain of $51 million —the first time flash-flood type storms in Illi¬ 

nois have resulted in financial benefits. 

INTRODUCTION 

Heavy, short-duration rainstorms that produce flash floods have major effects on hydro- 

logic design and operations. Such events are of particular concern in the Midwest because 

flood damages are excessive with Iowa’s historical flood losses ranking first nationally, 

Missouri’s fourth, and Illinois’ losses sixth (Changnon et al., 2001). Hence, such intense 

rainstorms have been under investigation in Illinois since 1950, to gather data necessary 

for planning and operations and to understand their impacts (Huff, 1993), and also to 

obtain definitive information about the synoptic weather conditions that cause such 

events (Huff, 1978). 

Every Illinois-centered storm that produced 10 inches (25.3 cm) or more in 1- to 2-day 

periods since 1950 has undergone intensive study, involving field surveys to gather the 

spatial rainfall and damage data essential to defining the dimensions and characteristics 

of such events. By 1964, ten such storms had occurred and their various characteristics 
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(size, shape, duration, etc.) were used to develop an initial physical-statistical model of 

such storms (Huff and Changnon, 1964). 

Assessment of subsequent storms yielded a sample of 26 such intense additional rain 

events by 1979. These underwent an extensive analysis to define shapes, orientations, 

durations, area-depth relationships, and the frequency of area mean rainfall amounts for 

6- to 48-hour periods (Huff, 1979). Such events typically produced rainfall amounts of 

5.1 cm or more over 26,500 km2, peak rain amounts of 25.5 cm or more, rain that began 

at 1900CST and lasted 8 to 10 hours, a storm pattern oriented WSW-ENE, and length-to- 

width ratios of 3.8 to 1. All occurred over areas that had experienced average to above 

average rainfall in preceding months, and in 65 percent of the storms, the antecedent rain¬ 

fall in the 10 days before the storms was more than 2.8 cm above average. All the past 

storms produced extensive flash- flooding, major damages in urban areas, severe crop 

losses, and soil erosion. 

Subsequent Illinois rainstorms including those with the 1993 flood (Kunkel, 1996), in 

1996 (Changnon and Kunkel, 1999), and in 2001 (Changnon and Westcott, 2002) were 

similarly intensively field measured and studied, adding to the wealth of storm informa¬ 

tion. Characteristics of these ten recent storms all fit the 1979 model of rainstorms (Huff, 

1979), suggesting that causes and dimensions of Midwestern intense short-duration rain¬ 

storms had been adequately defined. Except for two unusual features, characteristics 

associated with the August 18-19 and August 21-22, 2002 storms were similar to prior 

analyzed storms. This paper presents brief descriptions of these two storms and their 

characteristics, and then focuses on the two anomalous conditions associated with the 

storms. 

DATA 

Data that allowed definition of the rainfall patterns came from several sources. This 

included the first-order stations and cooperative substations operated by the National 

Weather Service (NWS). Other data came from dense networks of recording raingages 

operated by the Illinois State Water Survey. One network in central Illinois had rainfall 

from the August 18-19 storm, and the other in northeastern Illinois had rainfall from the 

August 21-22 storm. Data also were obtained from the 21 recording raingages in the Illi¬ 

nois Climate Network with sites scattered across Illinois. Data from these networks, plus 

that from several NWS stations, were hourly amounts. County extension agents in 

numerous counties assisted by providing data collected from farmers with gages. A field 

survey was conducted, resulting in more than 260 field point measurements of storm total 

rainfall. Streamflow data were obtained from the U.S. Geological Survey, soil moisture 

data from the Illinois Climate Network, and crop yield data from the Illinois Farm 
Bureau. 

STORM RAINFALL 

The first storm began at 2100 CST on August 18 in western Illinois. Heavy rainfall 

developed as the convective raincells moved eastward with the most intense rains begin¬ 

ning at 0200 CST on August 19 in east-central Illinois where the maximum total storm 

rainfall occurred (Fig. 1). The rain lasted between 6 and 8 hours at most points. The 
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storm system moved eastward across central Indiana, reaching the Indianapolis area by 

0700 CST on the 19th and ending as it reached the Indiana-Ohio border at 1100 CST. The 

total storm rainfall pattern (Fig. 1) has an elongated west-east elliptical shape typical of 

past storms and peak amounts of 26 cm. At locations where storm totals equaled or 

exceeded 7.6 cm, point durations were 5 to 6 hours. These 7.6-cm rainfall values rate as 

once in 10-year values for 6 hours. The 10.2-cm values (Fig. 1) rate as once in 25-year 

values; those 11.4 cm or more rate as once in 50-year values; and those of 12.7 cm or 

more achieve the once in 100-year status. An area of 6,086 km2 experienced 100-year or 

greater return values. 

The second August rainstorm began 2.5 days later in eastern Iowa at 1900CST on August 

21. Heavy rainfall developed when the storm cells reached Dubuque (Fig. 2) at 2000 

CST. The storm system, a complex of thunderstorms, moved eastward and the heaviest 

rains fell between Dubuque and Rockford, with totals exceeding 30.5 cm. By midnight 

the storm system had reached Chicago’s northern suburbs, where amounts exceeded 15 

cm, and the storm dissipated over Lake Michigan. Most point rainfall durations ranged 

from 7 to 10 hours. The total storm rainfall pattern also has the typical west-east elliptical 

shape (Fig. 2). This storm produced 5.1-cm amounts over 26,300 km2, and the August 18- 

19 storm over 24,130 km2’, values similar to past storms. 

Assessment of the storm rainfall based on durations of 12 hours, which embraced all 

point durations, reveals areas with 12.7 cm ranked as 25-year events; values of 14 cm or 

more rate as 50-year values; and those in excess of 16.5 cm are amounts expected to 

occur at least once in a 100-year period. More than 6,900 km2 had rains at the 100-year 

level for 12-hour durations. In all these storm categories, the two August storms matched 

those of the 36 past storms. Weather conditions causing the two August events were also 

similar to those of most past rainstorms, with the storms developing just south of an west- 

east oriented stationary front. 

However, two features of the August storms were distinctly different from past storm 

conditions. First, the August 2002 storms occurred within 2.5 days of each other, being 

much closer in time than any previous storms. The closest events in the prior 52 years 

had been a pair of rainstorms during the summer of 1957 that were 12 days apart and 

caused by totally different weather systems. The weather conditions leading to the past 36 

rainstorms had either dissipated after the storm or moved far away. However, the frontal 

system related to the August 18-19 storm moved only 180 km north over the ensuing two 

days and it stalled there causing the August 21-22 storm (Hilberg, 2003). 

The other difference in the August 2002 storms was related to the antecedent summer 

rainfall conditions. Weather conditions across Illinois and surrounding states prior to the 

two August storms were important. The spring of 2002 was cool and extremely wet, rated 

as fourth wettest in the Midwest since 1896. June was warm with Midwest temperatures 

1.5° to 2.5° C above normal. Midwestern precipitation was 1 to 2 cm above normal, but 

was 1 cm below normal in the Illinois areas where the two storms later occurred. July 

temperatures were 2.5°C above normal and precipitation was below normal across Illi¬ 

nois and Iowa, being 5 cm below normal where the northern storm occurred and 3.5 cm 

below normal where the central Illinois storm would occur. The first two weeks of 

August continued the dry conditions in the two storm areas, being 2.5 cm below normal 
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in both storm areas. The anomalous dry areas amidst wet areas is a reflection of the ran¬ 
domized nature of variability typical of Midwestern convective rainfall (Changnon and 

Huff, 1980). 

Thus, the two areas where the two storms occurred were localized areas of quite dry con¬ 
ditions for 2.5 months before the storms, whereas precipitation in other surrounding areas 
was near normal. The above normal temperatures and dry pre-storm conditions enhanced 
evapotranspiration, creating low soil moisture values. This pre-storm dryness was quite 
different than the average to above average rainfall conditions that existed prior to the 36 
analyzed storms since 1950. This difference in pre-storm conditions had a profound 
effect on the types of impacts caused by the August 2002 storms. 

IMPACTS 

The most typical impact of such intense rainstorms is flash flooding, and some flooding 
did occur after both August storms. However, it was limited to areas along stream 
courses, was very short-lived, and caused only marginal damages. 

August 18-19 Storm 
Regional precipitation 75 days prior to the rainstorm was only 62 percent of average. 
This led to dry soils, negatively impacting com and soybean development during July and 
early August. Regional soil moisture for the 0 to 101- cm depth on July 16 was 70 per¬ 
cent of average, which fell to 40 percent by August 15. Farmers reported soil moisture 
was deficient across 91 percent of the area where the storm occurred (Farm Week, 2002). 
By August 25, the region’s soil moisture for the same depth (0-101-cm) was 125 percent 
of average, and only 11 percent of the region’s farmers reported soil moisture as below 
average. This was a dramatic increase from the pre-storm values. 

Flow conditions on river basins in central Illinois where the heavy rains occurred were 
examined to determine the hydrologic impact of the storm on streamflows. Pre-storm 
flows were below average for this time of year, and the heavy rains on the night of 
August 18-19 created peak flows that rated in the middle of the historic distributions of 
annual peak discharges. Despite the high streamflows the heavy rains created, the number 
of days before flow levels returned to near average for the season, ranged from only 16 to 
22 days, depending on location. 

The hydrologic impacts were also compared with those with a recent rainstorm when 
wetter pre-storm conditions existed. All regional basins experienced a peak annual dis¬ 
charge after a June 1998 rainstorm occurred over the same region with rains of 7.6 and 
12.7 cm, much less than that experienced in August 2002. The wetter pre-storm 1998 
conditions resulted in flows >71 cms on the Vermilion River, as compared to only 5.7 
cms there in August 2002, and post-storm peak flows in 1998 ranked much higher. The 
time required for flows on area streams to return to near normal in 1998 ranged from 40 
to 67 days, two to three times longer than in 2002. No significant rain occurred after the 
1998 storm. 

The heavy rains of August 18-19 fell primarily over rural areas and a few small towns. 
Impacts were limited to some minor field and rural road flooding, creating $75,000 in 
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total damages. Although some of the worst hit areas experienced some damage to crops, 

most agricultural advisors reported that a large percentage of the rainfall soaked into the 

ground, rather than ponding, because the pre-storm soils were so dry. The moisture in the 

soil horizon for soybean roots, 0 (surface) to 101 cm, was 125 percent of average after the 

storm. 

A soybean weather-yield model, SOYGRO, with soil and crop conditions based on those 

of the storm region, was used to estimate soybean yields with and without the heavy 

August rains. The outcome indicated that the storm rains led to an additional 5 bushels 

per acre. The value of 5 bushels per acre at $5.30 per bushel (harvest price) represented 

about $26.50 added value per acre. The storm region contained 1,430,000 acres of soy¬ 

beans, and if multiplied by the increased value of $26.50 per acre, the rains produced 

higher yields worth $37.9 million in Illinois. There was no marked change in com yields 

because the rains came too late in the growing season to provide help. July is the critical 

time for rainfall to affect com production. 

August 21-22 Storm 
The dry conditions for 2.5 months before this storm produced soil moisture measured as 

65 to 70 percent of average in the 0-to-101 cm soil horizon across northern Illinois. Soil 

moisture values recovered after the storm and were 110 percent of average when meas¬ 

ured on September 1-2. River basins in the storm area were examined to ascertain the 

hydrologic impact of this storm on streamflow levels. In all basins affected by the heavy 

rains, the peak discharge occurred either one or two days after the rainstorm ended, with 

the delay dependent on the basin size. Some basins experienced an increase of flow reg¬ 

istered as the annual peak discharge for 2002, but these were not close to being record 

annual peak discharges. The number of days required to return to an average flow on 

various regional stream basins ranged from 10 to 24 days, an outcome similar to those for 

central Illinois river basins affected by the August 18-19 storm. These results reveal that 

large amounts of the northern Illinois heavy rains infiltrated the dry soils. By August 25 

only 9 percent of the region’s farmers reported soil moisture as “short” (Farm Week, 

2002). 

The hydrologic conditions of the affected basins were compared with those associated 

with another recent heavy rainstorm that occurred in August 1996. Although the rainfall 

amounts associated with the 1996 storm were less (ranging from 7.6 to 12.7 cm) than 

those in the 2002 storm, the rain in 1996 storm fell over much wetter ground with above 

average rain amounts during the 60 days prior to the August 1996 storm. Streamflow 

conditions prior to the August 1996 storm were more than double the magnitude of those 

of the August 2002 pre-storm conditions, and on several basins, the peak flows were 

highly ranked annual events. The August 1996 post-storm flows on area streams took 

from 30 to 45 days to return to average levels, as compared to 10 to 20 days in August 

2002. 

Storm-related flooding caused problems in the Chicago suburban area. Two interstate 

highways in the Chicago region were partially blocked by high water for a few hours. 

(Chicago Tribune, August 22). The heavy rain caused delays and cancellations of 22 

flights at Chicago’s O’Hare Airport. Urban-flooding also shut down two of Chicago’s 

commuter rail lines for 8 hours. Some suburban retention ponds overflowed causing 
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localized flooding. The Chicago Deep Tunnel storage system was filled and more than 

one billion gallons of untreated storm water and wastewater were released into Lake 

Michigan, forcing the closure of beaches. Several rural roads across northern Illinois 

were damaged, requiring repairs. However, the direct impacts of the record rains were 

less than expected based on prior storm studies (Changnon and Westcott, 2002). The 

storms also led to power outages in Rockford. Total damages from this Illinois storm 

were estimated at $260,000. A similar rainstorm in the same area during July 1996 

caused $0.65 billion in damages (Changnon, 1999). 

Most regional farmers indicated they welcomed the rainfall associated with the August 

21-22 storm, especially in terms of their soybean crops. The rains were too late to help 

the corn crop, after a dry summer, but numerous farmers interviewed expressed a belief 

that the rains helped the soybean crop by adding more pods and increasing yields. The 

SOYGRO weather-yield model, with soil and other conditions representative of the storm 

region, was used to estimate soybean yields with and without the heavy rains, and results 

indicated that this late season heavy rainfall improved yields about 1.2 bushels per acre. 

The Illinois and Iowa area with moderate to heavy rains on August 21-22 contained 

2,565,000 acres of soybeans, and if a bushel per acre was added to each acre at fall prices 

of $5.30 per bushel, the added value of the rains was about $13.6 million. The consider¬ 

able magnitude of the rainstorms of August 2002, and the low magnitude of their eco¬ 

nomic losses, in contrast to those of other similar earlier rainstorms, is considered to be a 

result of the exceptionally dry pre-storm conditions in the storm areas. 

SUMMARY 

The two August 2002 rainstorms, centered in Illinois and extending into adjacent states, 

created record-setting point rainfalls of >25.5 cm. Return intervals of both storms’ heavy 

rain amounts for 6- and 12- hour durations exceeded values expected to occur once in 

100 years. 

In many respects the characteristics of the two storms were similar to those of 36 past 

Illinois-centered rainstorms during 1951-2001 that had been investigated in comparable 

detail. The similarities included the fact that 1) all the rain fell in 24 hours or less, with 

most in 8 hours or less; 2) the heaviest rains occurred during the night; 3) the major axis 

of the storm areas was oriented west-east; and 4) the areal extent of the region with >5.1 

cm covered more than 23,400 km2. Weather conditions causing the storms were similar to 

those of many past rainstorms. 

However, the two August 2002 rainstorms had two features that were quite different from 

those in any past Illinois rainstorm assessed since 1951. First, the two storm events 

occurred just 2.5 days apart and in adjacent areas. No other major past storms had 

occurred in such close time or space proximity. The closest incidence of any past storms 

was 12 days, an interval which separated two summer 1957 storms. The minor movement 

of the stationary front that served as the focus of the two August 2002 storms caused 

these two storms to occur in a 3-day period. 

A second major difference concerned the pre-storm precipitation and soil moisture con¬ 

ditions. Both August storms occurred in areas where the rainfall for 2.5 months before the 



51 

storm had been below normal and temperatures much above normal, creating much 

below normal soil moisture and drought-like conditions for crops. In contrast, all prior 36 

major rainstorms occurred after 2-month or longer periods of average to much above 

average rainfall. The low pre-storm rainfall in the two storms areas was a result of the 

random natural variability of convective rainfall with above normal rainfall in the areas 

adjacent to the storm areas. 

Regardless, the pre-storm difference in moisture conditions greatly affected the kinds of 

impacts produced by the two August 2002 storms. Neither storm produced the magnitude 

of property and crop damages that comparable prior storms had done. Damages and 

losses from the August 21-22 storm were estimated at $260,000, mainly a result of prob¬ 

lems in Chicago, and damages from the August 18-19 storm were only $75,000. 

The August 2002 soils were very dry and thus a much greater percentage of the total 

storm rainfall infiltrated the soil, resulting in less runoff. The flows of the rivers in basins 

where the heaviest rains fell achieved high early peak flows sufficient to rank as annual 

peaks for 2002, but their flows quickly dropped and returned to average seasonal levels 

within 10 to 22 days after the storms. This time of return to normal levels is two to three 

times faster than found in prior storms with wetter pre-storm conditions. Some flood- 

related losses occurred immediately after the August storms, but the flooding quickly 

dissipated and was largely concentrated in lands adjacent to rivers and major streams near 

the core of the storms. 

Flood-related losses were minimal, and the unusual major economic impact of the two 

August storms related to the enhanced soil moisture. This led to positive effects on the 

maturing soybean crops. Spring weather conditions had delayed soybean planting and the 

crop was in its pod-filling stage and with low soil moisture when the storms occurred. 

The heavy rains saturated the root zone soils, leading to increases in soybean yields. The 

added yields were worth an estimated $13.6 million in northern Illinois-Iowa and $37.9 

million in east-central Illinois, a total in excess of $51 million. Thus, the two 2002 rain¬ 

storms have put a new dimension on the characteristics of Illinois rainstorms. 
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BOOK REVIEW 2004 - #1 

Mohlenbrock, R. H. Vascular Flora of Illinois. 2002. xiv + 490 pp; maps; dichotomous 

keys; glossary; index to families and genera; index to common names. Southern Illinois 

University Press, Carbondale and Edwardsville. Soft Cover. ISBN 0-8093-2421-0. Price: 

US $50.00. Available from the Southern Illinois University Press, P.O. Box 3697, 

Carbondale, Illinois 62902-3697. 

We like this book! It has many features that are very useful to anyone trying to identify 

vascular plants from Illinois. First, the layout of the descriptive flora starts with the spore 

bearing plants (ferns and fern allies) followed by the gymnosperms, then the dicots, and 

finishes with the monocots. Within each of these four major groups the families, genera, 

and species are arranged alphabetically. This alphabetic arrangement makes the book 

extremely useful, particularly in large genera such as Carex. There is, however, no indi¬ 

cation of the classification system used in the contents or with headings in the text. It is 

peculiar, for example, to see Selaginellaceae (Lycopodiophyta), Thelypteridaceae (Poly- 

podiophyta), and Pinaceae and Cupressaceae (Pinophyta) on facing pages without any 

indication that one is looking at representatives of what are now generally taken as three 

divisions of the plant kingdom. 

A very important feature of this work is the use of indented dichotomous keys. After 

many years of teaching we have found that students have a very hard time keying plants, 

mostly because they have difficulty keeping track of where they are in the key. This fea¬ 

ture alone makes the book very user friendly. 

Mohlenbrock does not appear to adhere to any one reference for overall taxonomic con¬ 

cepts. The treatment of the spore bearing plants is in line with the recent Flora of North 

America (Flora of North America, Editorial Committee, 1993+) but the rest of the text is 

a sort of a la carte approach. The Asteraceae show a puzzling proliferation of genera. 

Mohlenbrock provides a note at the beginning of Eupatorium (sensu stricto) advising the 

user to check the segregate genera as well. Such helpful notes are scattered throughout 

the text. Aster is treated in a traditional sense, such as Gleason and Cronquist (1991), to 

include such segregates as Doellingeria and Ionactis. With Eupatorium the segregates 

Ageratina, Conoclinium, and Eupatoriadelphus are recognized; however, this approach 

follows neither Gleason and Cronquist (1991) nor the USD A Plants Database (USD A, 

NRCS, 2002). Not to neglect the monocots, Scirpus is divided into Schoenoplectus, Bol- 

boschoenus, Trichophorum, and Scirpus (sensu stricto), as in Volume 23 (2002) of the 

Flora of North America (Editorial Committee, 1993 +) that appeared about the same time 

as this book. 

This manual is not a definitive accounting of the state’s flora as was Jones and Fuller 

(1955). Although Mohlenbrock has done a good job of including new records for the 

state, many distribution records found within the past 15 years are not included. State¬ 

ments of distribution seem little different from Mohlenbrock & Ladd (1978). Since 1978 

botanists in all parts of the state have found hundreds of county records and significant 

range extensions. For example, Pueraria lobata (Willd.) Ohwi (kudzu) is stated to be 

sometimes escaping in the southern counties. In fact, there are Eastern Illinois University 

Herbarium records from as far north as Peoria County and this species is now the object 
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of control efforts by the Illinois Department of Natural Resources. Acalypha deamii 

(Weatherby) Ahles, is noted from four counties by Mohlenbrock. On the other hand, the 

Eastern Illinois University Herbarium alone has specimens from ten counties. Other 

examples could be cited. 

Another very important feature of the book is “The Natural Divisions of Illinois”, by 

Mohlenbrock’s former student, John Schwegman. This summary of the state’s 14 natural 

regions and their geological and biological features occupies pages 1-35 providing an 

excellent summary of the state’s biodiversity. Scientific names in this section, unfortu¬ 

nately, were not updated to match those used in the descriptive flora. Also, one astonish¬ 

ing omission seems to be a reference section. Many botanists have contributed to our 

knowledge of the flora of Illinois, for example the manual by Floyd Swink and Gerould 

Wilhelm (1994) is a definitive work on the floristic elements of northeastern Illinois and 

northwestern Indiana. In addition, several new combinations are made at various points in 

the text, but these are not valid because they lack a reference to the place of publication 

of their basionyms. 

In closing, we in Illinois are indeed fortunate to have an improved and updated identifi¬ 

cation guide for our state’s flora over the author's previous edition (Mohlenbrock, 1986). 

Any taxonomist can find something to quibble over in another taxonomist’s work. But 

the bottom line is that the indented format of the keys is appreciated and the alphabetic 

arrangement of taxa is handy. Both of these features are steps in the right direction. Any 

field oriented botanist will want a copy and will get a great deal of use out of it. But get a 

brick or a cookbook holder to keep the manual open. Its paperback binding will not lay 

flat and thus, it is impractical to hold it open while dissecting grass spikelets (or capitula 

of Asteraceae, if you prefer) at the same time. 

Reviewers: Gordon C. Tucker and John E. Ebinger, Stover-Ebinger Herbarium (EIU), 

Department of Biological Sciences, Eastern Illinois University, Charleston, 

IL 61920. cfgct@eiu.edu; cfjee@eiu.edu 
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ANNOUNCEMENT OF CHANGE IN PAGE CHARGES 

Beginning with the 2005 edition of Transactions, page charges will be 
increased to $50 per page for members of the Illinois State Academy of 
Science. Publication charges for non-members will be $100 per page. 

This increase is necessary to offset increasing costs incurred by the 
Academy in the publication of its esteemed journal. 

However, keep in mind the benefits of publication: 

You receive 25 complimentary reprints. 

You receive a PDF file of your manuscript which you can use for 
producing additional copies, etc. 

Our website posts the Contents and Abstracts of each issue 
immediately upon publication. 

Our website posts the complete PDF file of each manuscript 1 year 
following print publication. 

We are expanding our website to include Contents, Abstracts, and PDF 
files of all manuscripts back to the original 1908 issue. These will be 
added in reverse order during 2004, and completed in 2005. 

Our website is not only growing, but seeing a tremendous increase in 
access by the scientific community. 

Check out our expanding website at: 
www.il-st-acad-sci.org 
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ABSTRACT 

The vascular flora at Patton Woods has been surveyed intermittently since the area 

became a managed Nature Conservancy preserve in 1976. The preserve is 5.8 hectares 

and is located in Kerr Township, Champaign, County Illinois (NE1/4NE1/4S1T22 

NR 11E). A total of 193 taxa, representing 140 genera and 66 families, have been identi¬ 

fied within or immediately adjacent to the preserve. Eighty-seven percent of these taxa 

were native. Two taxa are Champaign County records. The quality of this site as a natural 

area was also assessed using quantitative methods based on floral composition and diver¬ 

sity. The site was found to have a mean C value (C) of 3.57, a modal C value of 4 and a 

floristic quality index (FQI) rating of 46.41. Additionally, the site was found to have a 

mean Wetness classification of +1.76 indicating a largely Faculative Upland+ flora with 

oak (Quercus alba L., IV=82) and hickory (Carya ovata (Mill.) K.Koch), IV=43) the 

dominant woody vegetation. Although a relatively small area, it has been largely free of 

invasion by exotics or sugar maple {Acer saccharum Marsh.). 

INTRODUCTION 

Patton Woods is located near the northeast corner of Champaign County where it borders 

Ford County to the north and Vermilion County 3 miles to the east (087° 59.394' Lat. 40° 

23.853' Long.). Originally a Nature Conservancy (TNC) project in the early 1970's, the 

woods was deeded to the Champaign County Forest Preserve District (CCFPD) in 1995. 

Currently the preserve is managed through the joint efforts of Parkland College (Cham¬ 

paign, IL), TNC and the CCFPD. Patton Woods was once contiguous with the forests of 

the Middle Fork of the Vermilion River. This area was named for the venerable pioneer, 

“Grandma” Jane Patton (1824-1921), who preserved the woods for her heirs. The original 

site of her house and grave are located near the timber. Much of the history of this area is 

chronicled in her book, Remembrances of a Pioneer (Patton 1904). In 1973, the heirs of 

Jane Patton donated 5.8 hectares of this oak-hickory forest to TNC. The privately owned 

wooded areas adjacent to the preserve expands the total area of this study site to 8.9 hec¬ 

tares. Although a relatively small area, it has been largely free of invasion by exotics or 

sugar maple {Acer saccharum Marsh:). 
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Patton Woods has a relatively level topography with gradual increases in elevation (about 

5 meters) toward the center of the site. There is also a low-lying area on the northeast 

corner which remains wet during much of the year. Immediately to the north is the 

Chatsworth Moraine where the elevation rises about 15 meters. A self guiding nature trail 

with accompanying guide booklets (Parkland College 1991a-d) with 24 numbered sta¬ 

tions forms approximately a > mile loop through the preserve. In 1998, the area became 

an Illinois ForestWatch site (FW Site ID# FO 801901), a program currently administered 

by the Illinois Department of Natural Resources (IDNR 1998). 

In 1976, with the assistance of Dr. Almut Jones, former Curator of the Herbarium at the 

University of Illinois, an attempt was made to determine all of the vascular plant species 

occurring on the preserve. Since that time, many trips were made to the area and all addi¬ 

tional species found were recorded. All species found are listed in Appendix 1. Nomen¬ 

clature follows Mohlenbrock (2002). Several voucher specimens by A. Jones are depos¬ 

ited in the Herbarium of the University of Illinois (ILL). Additionally, a few specimens 

are in the herbarium collection of the Natural Sciences Department at Parkland College. 

The objectives of this study are to document the vascular flora of Patton Woods and 

describe the flora in terms of floristic quality, wetness classification, physiognomy and 

dominant vegetation. 

METHODS 

Patton Woods is located 2 miles east and 6 miles north of Gifford, Illinois in Kerr Town¬ 

ship, Champaign County (NE1/4 NE1/4 SI T22N R11E). The Middle Fork of the Ver¬ 

milion River is located approximately > mile to the south and to the west of the woods. 

Currently, the woods is functionally a white oak (Quercus alba L.) dominated forest 

island surrounded on two sides by cropland and bordered by County Roads 2500E and 

3600N. The woods is fragmented from the rest of the CCFPD Middle Fork River forest. 

From the list of species (Appendix 1), the floristic quality index (FQI) of the site was 

determined using the procedure developed by Swink and Wilhelm (1994) and Taft, et al. 

(1997). The FQI was determined by using the coefficient of conservatism (CC) assigned 

to each species by Taft, et al. (1997). The CC for each taxon was determined by assigning 

each an integer from 0 to 10 based on the species’ tolerance to disturbance and its fidelity 

to habitat integrity. The mean coefficient of conservatism (C) is calculated by summing 

all coefficients in an inventory unit and dividing by the number of species (N), or C = 

> C/N. Non-native species were not included when calculating the FQI for a natural area. 

In order to further characterize the site and its flora, the wetness of Patton Woods was 

assessed based on the National Wetland Category for Region 3 of the United States Fish 

and Wildlife Service (Reed 1988). Plants are designated as Obligate Wetland, Faculative 

Wetland, Faculative, Facultative Upland, and Upland. These classes are further ranked by 

“+” and values for the three facultative classes, thereby providing further resolution. 

Mean wetness is an average derived from all wetness (ordinate) values in a floristic 

inventory unit; it provides an index that characterizes the plant community in terms of 

hydrological characteristics (Taft, et al. 1997). For Patton Woods, the mean wetness was 

calculated using the wetness values for each species as described in Taft, et al. (1997) 
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where >/N = mean wetness of the flora. > = sum of all wetness values of all species in 

the study area divided by the total species present (N). 

The physiognomy includes plant habit (architectural characteristics), life history, and 

certain taxonomic classes. Physiognomic classes assigned to each taxon in the Illinois 

flora are Fern (including fern allies), Annual Forb, Biennial Forb, Perennial Forb, Annual 

Grass, Perennial Grass, Annual Sedge, Perennial Sedge, Herbaceous Vine, Woody Vine, 

Shrub, and Tree. Tracking physiognomic classes can be an important component of Flo- 

ristic Quality Assessment (FQA), since it is theoretically possible for dramatic changes in 

community structure to occur without changes in the FQI (Taft, et al. 1997). 

Finally, the Importance Value (IV) was assessed among the trees in order to provide an 

indication of which woody plants were most significant throughout Patton Woods. Using 

three transects 100 m long and 20 m apart, all woody species > 5 cm dbh (diameter at 

breast height or 1.3 m above ground) were identified within 5 m of each transect. The 

Importance Value (IV) is the sum of the % Relative Abundance (number of individuals of 

a given species divided by the total number of individuals of all species) + % Relative 

Coverage (coverage of a given species as measured in m2 divided by the coverage for all 

species) of the species (IV = RA + RC) as described in the Illinois ForestWatch Moni¬ 

toring Manual (IDNR 1998). In the future, the Illinois ForestWatch program should pro¬ 

vide information on any changes in the plant community of Patton Woods. The Illinois 

ForestWatch monitoring has included recording the presence or absence of common 

native and non-native plants. 

RESULTS 

A total of 66 families, 140 genera and 193 species were located growing in Patton Woods 

or in the adjacent wooded extensions of the forest (see Appendix 1 for a list of all 193 

taxa). No Illinois endangered or threatened species were located. Four families had ten or 

more taxa and these were as follows: Asteraceae (32), Rosaceae (15), Poaceae (14), and 

Fabaceae (10). Thirty-eight families were represented by only one species and 14 fami¬ 

lies by only two species. Native plants comprised 88% (n = 169) of the 193 taxa identi¬ 

fied. Two taxa are Champaign County records: bracted green orchid (Coeloglossum 

viride (L.) Hartm.) and rattlesnake-root (Prenanthes albs. L.). The mean C value (C) for 

native plants was 3.57 (n = 169) and the mode was 4 (see Figure 1). The plant with the 

highest C value was Coeloglossum viride (L.) Hartm. at 8. The floristic quality index 

(FQI) was calculated to be 46.41 (n = 169). 

The wetness classification of the Patton Woods flora was determined to be Facultative 

Upland+ (mean wetness = +1.76 where n = 193). The mode was +3 (Facultative Upland) 

and was represented by 47 of the 193 species (Table 2). Among the different physiog¬ 

nomic classes, 109 species (out of 193 total) representing 56 % of all plants were Peren¬ 

nial Forbs. The next highest category were Trees, where there were 23 species accounting 

for 12 % of the total flora (Table 3). When the Importance Value was assessed during an 

Illinois ForestWatch monitoring session, Quercus alba L. was clearly the dominate tree 

in Patton Woods with an IV = 82.1 (where the total number of trees, n = 97). Carya ovata 

(Mill.) K.Koch was the second most important species of tree with IV= 43.2. 
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Considering Patton Woods in a larger context, the Natural Division for this site would be 

in the Grand Prairie Section of the Grand Prairie Division of the Natural Divisions of 

Illinois (Schwegmann 1973). Further, using the classification system developed for the 

Illinois Natural Areas Inventory (White and Madany 1978), Patton Woods could best be 

described as a “dry-mesic upland forest.” This is based on the abundance of white oaks 

{Quercus alba L.). The dominant canopy species of a dry-mesic upland forest are white 

oak (Quercus alba L.), black oak (Quercus velutina Lam. f.), shagbark hickory (Carya 

ovata (Mill.)K.Koch) where the forest composition has been altered by logging or a his¬ 

tory of grazing (Illinois Department of Natural Resources 1999). No doubt this woodland, 

like others in central Illinois, has suffered from past disturbances and absence of fire for 

many years prior to any protection and management program. For comparison, other 

natural areas in central Illinois are classified as follows: Brownfield Woods (Champaign 

County) - mesic upland forest, Trelease Woods (Champaign County) - dry-mesic upland 

forest, Robert Allerton Park (Piatt County) - mesic upland forest, wet-mesic and wet 

floodplain forest, Funk Forest (McLean County) - mesic upland forest (Meyer 1987). 

Patton Woods is likely a remnant of Sugar Grove, a prairie grove in far northern Kerr 

Township (Champaign County) and part of the Middle Fork River timber. Prior to Euro¬ 

pean settlement, Sugar Grove was a widening of the forest belt at a point where the larger 

Middle Fork stream is joined by Sugar Branch (McCollum 2000). Today, the Middle 

Fork River Forest Preserve includes Sugar Creek, which runs behind preserve headquar¬ 

ters. Now a fragment of the original Middle Fork River timber, Patton Woods is located 

less than one mile from the river and about two miles north and east of Sugar Creek. In 

the early prairie landscape of Illinois, prairie groves were most prevalent on the east side 

of water-courses; features that acted as firebreaks (Jeffords, et al. 1995). Certainly the 

Middle Fork River timber, including the Patton Woods fragment, could have represented 

an early Illinois prairie grove. 

The floristic quality index (FQI) rating of 46.41 clearly illustrates that Patton Woods and 

its adjacent forested areas represent a natural area of significant quality that merits pres¬ 

ervation. Swink and Wilhelm (1994, p. 14) indicate that “Generally, if the C value for the 

site is 3.5 or higher or has an FQI value of 35 or more, one can be fairly confident that the 

site has sufficient floristic quality to be at least of marginal natural area quality. If the C 

value is 4.5 or higher, or has an FQI of 45 or more, then it is almost certain that the rem¬ 

nant has natural area potential.” 

Furthermore, in the survey area of the three transects, no invasive species such as garlic 

mustard (.Alliaria petiolata (Bieb.) Cavara & Grande.), Japanese honeysuckle (.Lonicera 

japonica Thunb.), non-native buckthorn (Frangula spp.), high-bush cranberry (Viburnum 

opulus L.), autumn olive (Elaeagnus umbellata Thunb.), multiflora rose (Rosa multiflora 

Thunb.) or gooseberry (Ribes missouriense Nutt.) were recorded. No doubt its isolation 

from the more extensively forested areas along the Middle Fork River have helped slow 

the movement of exotics into Patton Woods. Of the 24 species of exotics in the site, 

nearly all are restricted to the forest edge and do not occur in the forest interior. Rosa 

multiflora Thunb. is perhaps the most abundant exotic, being found in a few locations 
along the periphery of the woods. 
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Finally, even though there are some moist areas along the north border of the woods 

where water frequently collects in the spring, there is minimal invasion of sugar maples 

(Acer saccharum Marsh.). This fire sensitive species seems to have otherwise overtaken 

the understory of the more mesic forest remnants in central Illinois. Both the minimal 

invasion of the exotics and near absence of sugar maples (Acer saccharum Marsh.) fur¬ 

ther illustrate the natural quality of this small but rather unique plant community. 
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Table 1. Distribution of Conservatism Values (C) for plants found at or immediately 

adjacent to Patton Woods. 

Not 

Native Native 

CC Value * 0 1 2 3 4 5 6 7 8 9 10 

# Taxa 24 9 16 32 12 47 33 7 12 1 0 0 

N (total of native species) = 169 

Total of all Taxa =193 

C = > C/N = 603/169 = 3.57 Mode = 4 

FQI (Floristic Quality Index) = C(Vn = (3.57) (Vl69) = (3.57) (13.0) = 46.41 

Table 2. Wetness distribution for plants found at or immediately adjacent to Patton 

Woods. 

I Wet Dry I 

Wetness 

Classification 

-5 -4 -3 -2 -1 0 +1 +2 +3 +4 +5 

# Taxa 7 2 8 12 8 28 16 9 47 16 40 

N (total of all species) = 193, X = 340 
I 340 

Mean Wetness = — =-= + 1.76 (Facultative Upland+) 
N 193 F 

Mode = +3 (Facultative Upland) 
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Table 3. Physiognomy distribution for plants found at or immediately adjacent to Patton 

Woods. 

Physiognomy # Taxa % of Total 

fern 3 1.6 

annual forb (A-forb) 14 7.3 

biennial forb (B-forb) 6 3.1 

perennial forb (P-forb) 107 55.4 

annual grass (A-grass) 1 0.5 

perennial grass (P-grass) 13 6.7 

annual sedge (A-sedge) 0 0 

perennial sedge (P-sedge) 2 1.0 

herbaceous vine (H-vine) 4 2.1 

woody vine (W-vine) 8 4.1 

shrub 12 6.2 

tree 23 11.9 

Totals 193 99.9% 

Table 4. Importance Values for trees found at or immediately adjacent to Patton Woods. 

Tree 
Species 

Abundance 

(A) 

% Relative 
Abundance 

(RA) 

Coverage 

(m2) 

% Relative 
Coverage 

(RC) 

Importance 
Value 
(IV) 

Quercus 

alba 
15 15.5 2.5136 66.6 82.1 

Quercus 

rubra 
9 9.3 0.5615 14.9 24.2 

Ulmus 

rubra 
21 21.6 0.1988 5.3 26.9 

Fraxinus 

americana 
8 8.2 0.0751 2.0 10.2 

Carya 

ovata 
33 34 0.3482 9.2 43.2 

Celtis 

occidentalis 
1 1 0.0044 <0.1 1.0 

Prunus 

serotina 
10 10.3 0.0706 1.9 12.2 

Totals 97 99.9% 3.7722 m2 99.9% 199.8 
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Appendix 1. 

Checklist of vascular flora for Patton Woods and its immediate surroundings. Plants are 

identified according to the taxonomic nomenclature used by R.H. Mohlenbrook (2002): 

CC = Coefficient of Conservatism - an integer from 0 to 10 assigned to each taxon in the 

Illinois flora. Each value reflects an estimate of the plant’s tendency to be restricted to 

“natural areas.” Low values are more cosmopolitan taxa, higher values indicate increas¬ 

ing restrictiveness. 

Wet = Wetness classification is based on The National Wetland Category for Region 3 of 

the U.S. Fish and Wildlife Service. Scale is from -5 (obligate Wetland species) to +5 

(Upland species); 0 = Facultative species. 

*Champaign County Record Total Taxa =193 

Physiognomy - Classes are assigned to each taxa in the Illinois flora: 

Fern 

A-forb = annual forb 

B-forb = biennial forb 

P-forb = perennial forb 

A-grass = annual grass 

P-grass = perennial grass 

A-sedge = annual sedge 

P-sedge = perennial sedge 

H-vine = herbaceous vine 

W-vine = woody vine 

shrub 

tree 

FERNS and FERN ALLIES 

Aspleniaceae - Spleenwort Family 

Onoclea sensibilis L. — sensitive fern (CC = 5; Wet = -3) fern 

Dryopteridaceae - Shield Fern Family 

Cystopteris protrusa (Weatherby) Blasd.— fragile fern (CC = 4; Wet = 3) fern 

Ophioglossaceae - Adder’s-Tongue Family 

Botrychium virginianum (L.) Sw.— rattlesnake fern (CC = 4; Wet = 3) fern 

GYMNOSPERMS 

Cupressaceae - Cypress Family 

Juniperus virginiana L.— red cedar (CC = 1; Wet = 3) tree 
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ANGIOSPERMS 

Aceraceae - Maple Family 

Acer saccharum Marsh.-- sugar maple (CC = 4; Wet = 3) tree 

Anacardiaceae - Sumac Family 

Rhus glabra L.— smooth sumac (CC = 1; Wet = 5) shrub 

Toxicodendron radicans (L.) Kuntze.— poison ivy (CC = 1; Wet = 3) W-vine 

Apiacaeae - Carrot Family 

Daucus carota L. — wild carrot; Queen Anne’s lace (not native; Wet = 4) B-forb 

Osmorhiza claytonii (Michx.) Clarke — sweet Cicely (CC = 1; Wet = 4) P-forb 

Pastinaca sativa L. - wild parsnip (not native; Wet = 5) B-forb 

Sanicula odorata (Raf.) K.M. Pryer & L.R. Phillippe - clustered or common black 

snakeroot (CC = 2; Wet = -1) P-forb 

Sium suave Walt. -- water parsnip (CC = 5; Wet = -5) P-forb 

Taenidia integerrima (L.) Drude — yellow pimpernel (CC = 7; Wet = 5) P-forb 

Thaspium barbinode (Michx.) Nutt. — hairy meadow parsnip (CC = 7; Wet = 5) P-forb 

Apocynaceae - Dogbane Family 

Apocynum cannabinum L.— common dogbane; Indian hemp (CC = 2; Wet = 0) P-forb 

Araceae - Arum Family 

Arisaema triphyllum (L.) Schott — Jack-in-the-pulpit (CC = 4; Wet = -2) P-forb 

Asclepiadaceae - Milkweed Family 

Asclepias syriaca L.— common milkweed (CC = 0; Wet = 5) P-forb 

Asclepias verticillata L.— horsetail milkweed (CC = 1; Wet = 5) P-forb 

Asteraceae - Aster Family 

Achillea millefolium L. — yarrow; common milfoil (not native; Wet = 3) P-forb 

Ageratina altissima (L.) R.M. King & H. Robins. — white snakeroot (CC = 2; Wet = 3) 

P-forb 

Ambrosia artemisiifolia L. — common ragweed (CC = 0; Wet = 3) A-forb 

Ambrosia trifida L. — giant ragweed (CC = 0; Wet = -1) A-forb 

Antennaria plantaginifolia (L.) Hook.— pussytoes (CC = 4; Wet = 5) P-forb 

Aster drummondii Lindl. — Drummond’s aster (CC = 3; Wet = 3) P-forb 

Aster lateriflorus (L.) Britt — side-flowering aster (CC = 2; Wet = 5) P-forb 

Aster ontarionis Wieg. — Ontario aster (CC = 4; Wet = 0) P-forb 

Aster pilosus Willd. — hairy aster (CC = 0; Wet = 4) P-forb 

Aster praealtus Poir. — willow aster (CC = 4; Wet = -5) P-forb 

Aster sagittifolius Willd. — arrow-leaved aster (CC = 4; Wet = 5) P-forb 

Aster shortii Lindl. — Short’s aster (CC = 6; Wet = 5) P-forb 

Bidens cernua L. — nodding bur marigold (CC = 2; Wet = -5) A-forb 

Bidens vulgata Greene -- tall beggar’s-ticks (CC = 0; Wet = -3) A-forb 

Cichorium intybus L. - chicory (not native; Wet = 5) P-forb 

Cirsium altissimum (L.) Spreng. — tall thistle (CC = 3; Wet = 5) P-forb 

Cirsium arvense (L.) Scop. — Canada thistle (not native; Wet = 3) P-forb 
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Coreopsis tripteris L. — tall tickseed or tall coreopsis (CC = 4; Wet = 0) P-forb 

Erigeron annus (L.) Pers. — annual fleabane (CC = 1; Wet = 1) B-forb 

Eupatoriadelphus purpureus L. — purple Joe-pye weed (CC = 5; Wet = 0) P-forb 

Helianthus grosseserratus Martens — sawtooth sunflower (CC = 2; Wet = -2) P-forb 

Helianthus hirsutus Raf. — hispid sunflower (CC = 5; Wet = 5) P-forb 

Lactuca floridana (L.) Gaertn. -- woodland lettuce (CC = 4; Wet =1) B-forb 

Prenanthes alba L.* — white lettuce; rattlesnake-root (CC = 5; Wet = 3) P-forb 

Rudbeckia hirta L. — black-eyed Susan (CC = 2; Wet = 3) P-forb 

Silphium terebinthinaceum Jacq. — prairie dock (CC = 4; Wet = 1) P-forb 

Solidago canadensis L. — tall or Canada goldenrod (CC = 1; Wet = 3) P-forb 

Solidago ulmifolia Muhl. — elm-leaved goldenrod (CC = 5; Wet = 5) P-forb 

Taraxacum officinale Weber — common dandelion (not native; Wet = 3) P-forb 

Tragopogon pratensis L. — common goat’s beard (not native; Wet = 5) B-forb 

Verbesina alternifolia (L.) Britt. — yellow ironweed (CC = 4; Wet = -3) P-forb 

Vernonia missurica Raf. — Missouri ironweed (CC = 5; Wet = -1) P-forb 

Balsaminaceae - Jewelweed Family 

Impatiens pallida Nutt.— jewelweed; pale touch-me-not (CC = 4; Wet = -3) P-forb 

Berberidaceae - Barberry Family 

Podophyllum peltatum L. — mayapple (CC = 4; Wet = 3) P-forb 

Boraginaceae - Borage Family 

Mertensia Virginia (L.) Pers.— bluebells; Virginia cowslip (CC = 5; Wet = -3) P-forb 

Brassicaceae - Mustard Family 

Dentaria laciniata Muhl. — toothwort; pennywort (CC = 4; Wet = 4) P-forb 

Lepidium virginicum L. — common pepper-grass (CC = 0; Wet = 4) A-forb 

Caesalpiniaceae - Caesalpinia Family 

Chamaechrista fasiculata (Michx.) Greene (Cassia faciculata Michx.) — partridge pea 

(CC = 1; Wet = 4) A-forb 

Ceris canadensis L. — eastern redbud (CC= 3; Wet = 3) tree 

Gleditsia triacanthos L. — honey locust (CC = 2; Wet = 0) tree 

Campanulaceae - Bellflower Family 

Campanulastrum americanum (L.) Small (Campanula americanum (L.) Small) - Ameri¬ 

can bellflower (CC = 4; Wet = 0) P-forb 

Caprifoliaceae - Honeysuckle Family 

Sambucus canadensis L. var. canadensis. — common elderberry (CC = 2; Wet = 4) shrub 

Triosteum perfoliatum L. — late horse gentian (CC = 5; Wet = 5) P-forb 

Caryophyllaceae - Pink Family 

Silene stellata (L.) — starry campion (CC = 6; Wet = 5) P-forb 
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Celastraceae - Bittersweet Family 

Celastrus scandens L. — climbing bittersweet (CC = 2; Wet = 3) W-vine 

Commelinaceae - Day-flower Family 

Tradescantia subaspera Ker. var. subaspera. ~ broad-leaved spiderwort (CC = 5; Wet = 

5) P-forb 

Tradescantia virginica L. — Virginia spiderwort (CC = 7; Wet = 5) P-forb 

Convolvulaceae - Morning-glory Family 

Convolvulus arvensis L. — field bindweed (not native; Wet = 5) P-forb 

Comaceae - Dogwood Family 

Cornus racemosa Lam. — gray dogwood (CC = 2; Wet = -2) shrub 

Corylaceae - Hazelnut Family 

Corylus americana Walt.— hazelnut (CC = 4; Wet = 0) shrub 

Ostrya virginiana (Mill.) K. Koch var. virginiana — ironwood; hop hornbeam, (CC = 4; 

Wet = 4) tree 

Cyperaceae - Sedge Family 

Carex molesta Mack. — field oval sedge (CC = 2; Wet = 0) P-sedge 

Carex squarrosa L. — narrow-leaved cattail sedge (CC = 5; Wet = -5) P-sedge 

Dioscoreaceae - Yam Family 

Dioscorea villosa L. — wild yam (CC = 4; Wet =1) H-Vine 

Fabaceae - Pea Family 

Amphicarpaea bracteata (L.) Fern. var. bracteata — hog-peanut (CC = 4; Wet = 0) H- 

vine 

Amphicarpaea bracteata (L.) Fern.var. comosa (L.) Fern. — hog-peanut (CC = 4; Wet = 

0) H-vine 

Desmodium cuspidatum (Muhl.) Loud. var. longifolium (Torr. & Gray) B.G. Schub. — 

tick trefoil (CC = 6; Wet = 5) P-forb 

Desmodium glutinosum (Muhl.) A. Wood — pointed tick trefoil (CC = 3; Wet = 5) P-forb 

Desmodium paniculatum (L.) DC. — panicled tick trefoil (CC = 2; Wet = 3) P-forb 

Melilotus albus Medic. - white sweet clover (not native; Wet = 3) B-forb 

Melilotus officinalis (L.) Pallas. — yellow sweet clover; Common Balm 

(not native; Wet = 5) P-forb 

Trifolium campestre Schreb. — low hop clover (not native; Wet = 5) A-forb 

Trifolium pratense L. var. pratense — red clover (not native; Wet = 2) P-forb 

Trifolium repens L. - white clover (not native; Wet = 2) P-forb 

Fagaceae - Beech Family 

Quercus alba L. — white oak (CC = 5; Wet = 3) tree 

Quercus imbricaria Michx shingle oak (CC = 2; Wet =1) tree 

Quercus macrocarpa Michx. — bur oak (CC = 5; Wet =1) tree 

Quercus rubra L. — northern red oak (CC = 5; Wet = 3) tree 

Quercus velutina Lam. f. velutina — black oak (CC = 5; Wet = 5) tree 
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Fumariaceae - Fumitory Family 

Dicentra cucullaria (L.) Bernh. — Dutchman’s breeches (CC = 5; Wet = 5) P-forb 

Geraniaceae - Geranium Family 

Geranium maculatum L. — wild geranium (CC = 4; Wet = 3) P-forb 

Grossulariaceae - Gooseberry Family 

Ribes missouriense Nutt. — common or Missouri gooseberry (CC = 2; Wet = 5) shrub 

Hydrophyllaceae - Waterleaf Family 

Ellisia nyctelea L. — Aunt Lucy (CC = 1; Wet = -1) A-forb 

Hypericaceae - St. John’s-wort Family 

Hypericum punctatum Lam. — spotted St. John’s-wort (CC = 3; Wet = -1) P-forb 

Iridaceae - Iris Family 

Sisyrinchium angustifolium Mill — stout blue-eyed grass (CC = 5; Wet = -2) P-forb 

Juglandaceae - Walnut Family 

Carya cordiformis (Wang.) K. Koch - bitternut hickory (CC = 4; Wet = 0) tree 

Carya ovata (Mill.) K. Koch var. ovata — shagbark hickory (CC = 4; Wet = 3) tree 

Juglans nigra L. — black walnut (CC = 4; Wet = 3) tree 

Juncaceae - Rush Family 

Juncus tenuis Willd — path rush (CC = 0; Wet = 0) P-forb 

Lamiaceae - Mint Family 

Agastache nepetoides (L.) Kuntze — yellow giant hyssop (CC = 4; Wet = 3) P-forb 

Blephilia ciliata (L.) Benth. — pagoda plant (CC = 6; Wet = 5) P-forb 

Monarda fistulosa L. — wild bergamot (CC = 4; Wet = 3) P-forb 

Prunella vulgaris L. — self-heal; heal-all (not native; Wet = 0) P-forb 

Pycnanthemum tenuifolium Schrad — slender mountain mint (c = 4; Wet = 0) P-forb 

Lauraceae - Laurel Family 

Sassafras albidum (Nutt.) Nees — sassafras (CC = 2; Wet = 3) tree 

Liliaceae - Lily Family 

Allium canadense L. - wild onion (CC = 2; Wet = 3) P-forb 

Allium tricoccum L. — wild leek; wild ramp (CC = 7; Wet = 2) P-forb 

Erythronium albidum Nutt. — white trout lily; white dog-tooth violet (CC = 4; Wet = 5) 

P-forb 

Polygonatum biflorum (Walt.) Ell. — small Solomon’s-seal (CC = 7; Wet = 3) P-forb 

Polygonatum commutatum (Schultes) A. Dietr. — great Solomon’s-seal (CC = 4; Wet = 

3) P-forb 

Smilacina racemosa (L.) Desf. — false Solomon’s-seal (CC = 4; Wet = 3) P-forb 

Trillium recurvatum Beck f. recurvatum — purple trillium; wake robin (CC = 5; Wet = 4) 

P-forb 
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Uvularia grandiflora Sm. — yellow bellwort (CC = 7; Wet = 5) P-forb 

Malvaceae - Mallow Family 

Abutilon theophrastii Medic. — velvet-leaf; butter-print (not native; Wet = 4) A-forb 

Menispermaceae - Moonseed Family 

Menispermum canadense L. — moonseed (CC = 4; Wet = -1) W-vine 

Moraceae - Mulberry Family 

Morns alba L. — white mulberry (not native; Wet = 0) tree 

Oleaceae - Ash Family 

Fraxinus americana L. — white ash (CC = 4; Wet = 3) tree 

Onagraceae - Evening Primrose Family 

Circaea lutetiana Aschers. & Magnus ssp. canadensis (L.) Archers. & Magnus. — 

enchanter’s nightshade (CC = 2; Wet = 3) P-forb 

Orchidaceae - Orchid Family 

Coeloglossum viride (L.) Hartm.* — long-bracted orchid; frog orchid (CC = 8; Wet =0) 

P-forb 

Liparis liliifolia (L.) Rich.- twayblade orchid (CC = 4; Wet = 4) P-forb 

Oxalidaceae - Sorrel Family 

Oxalis stricta L. — yellow wood sorrel (CC = 0; Wet = 3) P-forb 

Papaveraceae - Poppy family 

Sanguinaria canadensis L. — bloodroot (CC = 5; Wet = 4) P-forb 

Plantaginaceae - Plantain Family 

Plantago lanceolata L. — buckthorn plantain (not native; Wet = 0) P-forb 

Plantago rugelii Decne. — Rugel’s plantain (CC = 0; Wet = 0) A-forb 

Poaceae - Grass Family 

Bromus inermis Leyss — awnless brome grass; smooth brome (not native; Wet = 5) P- 

grass 

Bromus latiglumis (Shear) Hitchc. — nodding brome (CC=7; Wet = -2) P-grass 

Cinna arundinacea L .— stout wood reed (CC = 5; Wet = -3) P-grass 

Dichanthelium acuminatum (Sw.) Gould & Clark var. fasciculatum (Torr.) Freckm. — 

panic grass (CC = 2; Wet = 0) P-grass 

Dichanthelium latifolium (L.) Gould & Clark— broad-leaved panic grass (CC = 5; Wet = 

3) P-grass 

Elymus canadensis L. — nodding wild rye (CC = 4; Wet = 1) P-grass 

Elymus hystrix L. — bottlebrush grass (CC = 5; Wet = 5) P-grass 

Elymus villosus Muhl. f. villosus — hairy wild rye (CC = 4; Wet = 3) P-grass 

Elymus virginicus L. — Virginia wild rye (CC = 4; Wet = -2) P-grass 

Leersia virginica Willd. — white grass (CC = 4; Wet = -3) P-grass 
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Panicum virgatum L. — prairie switch grass (CC = 4; Wet = -1) P-grass 

Phleum pratense L. — Timothy grass (not native; Wet = 3) P-grass 

Poa pratensis L. — Kentucky blue grass (not native; Wet =1) P-grass 

Setaria faberi F. Herrm. — Giant foxtail (not native; Wet = 2) A-grass 

Polemoniaceae - Phlox Family 

Phlox divaricata L. spp. laphamii (Wood) Wherry — common phlox (CC = 5; Wet = 3) 

P-forb 

Phlox pilosa L. — downy phlox (CC = 7; Wet =1) P-forb 

Polemonium reptans L. — Jacob’s ladder (CC = 5; Wet = 0) P-forb 

Polygonaceae - Smartweed Family 

Antenoron virginianum (L.) Roberty & Vautier — Virginia knotweed (CC = 3; Wet = 0) 

P-forb 

Persicaria pensylvanica (L.) — pink smartweed; pinkweed (CC = 1; Wet = -4) A-forb 

Portulacaceae - Purslane Family 

Claytonia virginica L. — spring beauty (CC = 1; Wet = 3) P-forb 

Primulaceae - Primrose Family 

Lysimachia lanceolata Walt. — lance-leaved loosestrife (CC = 6; Wet = 0) P-forb 

Ranunculaceae - Buttercup Family 

Actaea pachypoda Ell. — white baneberry; doll’s-eyes (CC = 7; Wet = 5) P-forb 

Anemone virginiana L. — tall anemone (CC = 4; Wet = 5) P-forb 

Anemonella thalictroides (L.) Spach — rue anemone (CC = 5; Wet = 5) P-forb 

Enemion biternatum Raf. — false rue anemone (CC = 5; Wet = 0) P-forb 

Ranunculus abortivus L. — small-flowered crowsfoot (CC = 1; Wet = -2) A-forb 

Ranunculus micranthus Torr. & Gray -- small-flowered buttercup (CC = 2; Wet = 1) P- 

forb 

Thalictrum dioicum L. — early meadow rue (CC = 5; Wet = 2) P-forb 

Rosaceae - Rose Family 

Agrimonia grypososepala Wallr. — tall agrimony (CC = 3; Wet = 2) P-forb 

Crataegus calpodendron (Ehrh.) Medic. — sugar hawthorn (CC = 5; Wet = 5) tree 

Crataegus mollis (Torr. & Gray) Scheele — red haw (CC = 2; Wet = -2) tree 

Fragaria virginiana Duch. — wild strawberry (CC = 2; Wet = 1) P-forb 

Geum canadense Jacq. var. canadense — white avens (CC = 2; Wet = 0) P-forb 

Geum vernum (Raf.) Torr. & Gray. — spring avens (CC = 1; Wet = 1) P-forb 

Porteranthus stipulatus (Muhl.) Britt. — Indian physic (CC = 6; Wet = 5) P-forb 

Potentialla simplex Michx. — common cinquefoil (CC = 3; Wet = 4) P-forb 

Prunus serotina Ehrh. — wild black cherry (CC = 1; Wet = 3) tree 

Rosa multiflora Thunb. — multiflora rose; Japanese rose (not native; Wet = 3) shrub 

Rosa setigera Michx. — prairie rose (CC = 5; Wet = 2) shrub 

Rubus allegheniensis Porter — common blackberry (CC = 2; Wet = 2) shrub 

Rubus argutus Link. — high-bush blackberry (CC = 3; Wet = 1) shrub 

Rubus flagellaris Willd. — common dewberry (CC = 2; Wet = 4) shrub 

Rubus occidentalis L. — black raspberry (CC = 2; Wet = 3) shrub 
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Rubiaceae - Madder Family 

Diodia teres Walt. — rough buttonweed (CC = 2; Wet = 3) A-forb 

Galium asprellum Michx. — rough bedstraw (CC = 7; Wet = -5) P-forb 

Galium circeazans Michx. — wild licorice (CC = 4; Wet = 4) P-forb 

Galium concinnum Torr. & Gray. — shining bedstraw (CC = 4; Wet = 3) P-forb 

Galium mollugo L. — white bedstraw (not native; Wet = 5) P-forb 

Galium obtusum Bigel. — wild madder (CC = 5; Wet = -4) P-forb 

Galium triflorum Michx. — sweet-scented bedstraw (CC = 4; Wet = 2) P-forb 

Rutaceae - Citrus Family 

Zanthoxylum americanum Mill. — prickly ash (CC = 4; Wet = 5) shrub 

Salicaceae - Willow Family 

Populus deltoides Marsh. — eastern cottonwood (CC = 2; Wet = -1) tree 

Saxifragaceae - Saxifrage Family 

Heuchera richardsonii R. Br. var. gray ana Rosand., Butt., & Lak. — prairie alumroot 

(CC = 7; Wet = 1) P-forb 

Scrophulariaceae - Figwort Family 

Collinsia verna Nutt. — blue-eyed Mary (CC = 5; Wet = 3) A-forb 

Penstemon calycosus Small — smooth beardstongue (CC = 3; Wet = 3) P-forb 

Penstemon digitalis Nutt. — floxglove beardstongue (CC = 4; Wet =1) P-forb 

Veronicastrum virginicum (L.) Farwell — Culver’s-root (CC = 6; Wet = 0) P-forb 

Smilacaceae - Greenbrier Family 

Smilax tamnoides L. var. hispida (Muhl.) — greenbrier; catbrier; (CC = 3; Wet = 0) W- 

vine 

Smilax lasioneura Hook. — carrion flower (CC = 4; Wet = 5) H-vine 

Tiliaceae - Basswood Family 

Tilia americana L.var. americana — basswood (CC = 5; Wet = 3) tree 

Typhaceae - Cat-tail Family 

Typha angustifolia L. — narrow-leaved or common cat-tail (not native; Wet = -5) P-forb 

Typha latifolia L. — broad-leaved cat-tail (CC = 1; Wet = -5) P-forb 

Ulmaceae - Elm Family 

Ulmus americana L. - American elm (CC = 5; Wet = -2) tree 

Ulmus rubra Muhl. — slippery or red elm (CC = 3; Wet = 0) tree 

Urticaceae - Nettle Family 

Laportea canadensis (L.) Wedd. — wood nettle (CC = 2; Wet = -3) P-forb 

Violaceae - Violet Family 

Viola pratincola Greene. -- common blue violet (CC = 1; Wet = 0) P-forb 



77 

Viola pubescens Ait. var. eriocarpa Schw. — downy yellow violet (CC = 7; Wet = 4) P- 

forb 

Vitaceae - Grape Family 

Parthenocissus quinquefolia (L.) Planch. — Virginia creeper (CC = 2; Wet = 1) W-vine 

Vitis cinerea (Engelm.) Engelm. — winter grape (CC = 4; Wet = -2) W-vine 

Vitis riparia Michx. var. riparia — riverbank grape (CC = 2; Wet = -2) W-Vine 

Vitis vulpina L. — frost grape; fox grape (CC = 2; Wet = -2) W-Vine 
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Kyllinga pumila Michx. (Cyperaceae) 
Type Locality in Illinois: A Short Note 

Robert D. Henry 

24 Grandview Dr., Macomb, IL 61455 

The type location of Kyllinga pumila was given by Michaux (1803 Vol. 1, p. 29) as ‘Hab. 

In Shavanensium regione, ad amnem Scioto’ which according to the gazetteer on p. xxiv 

in the 1974 Vol. 1 facsimile introduction by the late Joseph Ewan of Tulane University 

referred to (questionably) Shawannestown, Illinois. Answering my inquiry, Ewan (per¬ 

sonal communication, 28 August 1979) stated “there is now no doubt that ‘Shavanensium 

regione, ad amnem Scioto’ of Michaux refers to the region of the Shawnee Indians in 

southern Ohio”. Thus, this locality at the junction of the Scioto and Ohio Rivers was not 

in Illinois, but rather was in south-central Ohio (see facsimile introduction p. xxiii for 

Ohio River and Scioto gazetteer). Therefore Michaux’s location is not the original report 

for this species in Illinois nor can Illinois be the type locality for this plant (as attributed 

to southern Illinois by Tucker (1984, p. 514) for example). 
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Roy Maurice Myers, 1911-2000 

Robert D. Henry 

24 Grandview Dr., Macomb IL 61455 

Dr. R. Maurice ("Maurie") Myers, long¬ 

time botanist in the Department of Bio¬ 

logical Sciences at Western Illinois Uni¬ 

versity, died at age 88 on May 18, 2000 in 

Elizabethtown, Kentucky. He was born in 

Scottdale, Pennsylvania on September 24, 

1911 and was raised and graduated from 

high school in Youngstown, Ohio. He 

received three degrees from The Ohio 

State University: B. Sc. (biology educa¬ 

tion) in 1934, M.A. (botany) in 1937, and 

Ph.D. (plant physiology) in 1939. During 

1934-35 he taught high school in Ohio. 

He was a graduate assistant in botany at 

The Ohio State University from 1935-38, 

and at Northwestern University from 

1938-40 including post-doctoral studies 

there. From 1940-42 he was an instructor 

at Boise (Idaho) Junior College and from 

1942-45 he served as an assistant professor of biology at Denison (Ohio) University. Dr. 

Myers came to Western Illinois University (WIU) in 1945 as an assistant professor and 

retired as professor in 1977. During his tenure at WIU, he served as department chairman 

from 1953-69, and herbarium curator from 1946-77. While at WIU, the Department of 

Biological Sciences grew and became more professionalized. He was instrumental in the 

planning and acquisition of the greenhouse and the Alice L. Kibbe Life Science Station. 

He married Vivian Ward in 1938. She and their four children survive. His professional 

society memberships included The International Association for Plant Taxonomy, 

American Association for the Advancement of Science, American Institute of Biological 

Sciences, Society of Economic Botanists, Sigma Xi, Illinois State Academy of Science 

(botany section Chair), Ohio Academy of Science (fellow), and Association of Midwest¬ 

ern Biology Teachers (President). 

Although trained as a plant physiologist (growth substances), Dr. Myers’ professional life 

centered around other interests. These can be summarized best by his characteristic 

answer to a plant question - often an identification one - given in terms of its common 

and scientific name, if an alien, where originated, geographical location and habitat, and 

its economic importance including if a weed. He was a dedicated and thoroughly pre¬ 

pared teacher, an inspiration to undergraduate and graduate students and a mentor to me. 

Dr. Myers’ teaching was primarily plant systematics, plant geography, and economic 

botany courses. His personality was affable and was always ready to help. He traveled 
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worldwide with an interest in international affairs, especially population and economic 

botany which helped define and expand his teaching and research. 

An overview of Dr. Myers’ varied professional contributions and interests are summa¬ 

rized by discipline. Plant Physiology: effect of growth substances on the absciss layer in 

Coleus blumei leaves; Plant Ecology and Geography: vegetation of Idaho, initial report of 

McDonough County, Illinois vegetation; Biology Education and Teaching: what is res¬ 

piration, improving the teaching of biology in the secondary schools of west-central Illi¬ 

nois, the field tour method of teaching biology. He was very active in leading National 

Education Association field study tours worldwide; Economic Botany: forage plants, 

mahogany utilization in the United States, population and food. He gave the WIU Annual 

Faculty Lecture in 1977 "World Population and Food Research" which honored him as 

an outstanding faculty member for scholarly achievements and contributions. In retire¬ 

ment in Florida in 1985, he expressed his "increasing interest in demography and the 

serious world problems caused by the population explosion" giving local examples as 

plant extinction and wooded areas disappearing, overwhelming infrastructure problems, 

increased taxes and addition of zip codes; Floristics and Svstematics: annotated catalog 

and index for the Illinois flora, McDonough County flora additions, changes in the native 

and alien flora of McDonough and Hancock counties, Illinois, edible plants that grow 

wild in Illinois, checklists of McDonough County vascular plants, and studies at Kew 

Gardens, West Indies and southern Florida. 

Dr. Myers founded the WIU Herbarium in 1946, which at his retirement was named The 

R.M. Myers Herbarium in his honor. He was an early leader in bringing alien awareness 

to floristic studies, and in his 1972 catalog and index to the Illinois flora, referred to them 

as causing "plant pollution" and also included a perceptive discussion of the role of aliens 

in the flora and the consideration of the “time factor” in evaluating alien status. His use of 

the term “disturbophytes” was insightful. The cover illustration well exemplifies his per¬ 

spective: "The lower part symbolizes the flora of North America and Illinois at the time 

of the early explorations and colonization by Europeans when the introduction of weeds, 

ornamentals and economic plants from the Old World began. The upper right-hand cor¬ 

ner represents the introduction of plants in Illinois from the Old World, other parts of the 

USA and the Americas by farmers, trucks, and railroads in areas where the native vege¬ 

tation has been disturbed or destroyed." 

After his retirement Dr. Myers lived in Florida and then Kentucky. In Florida he kept a 

herbarium and a library emphasizing the vascular plants of Charlotte County. He was 

active in groups concerning food, population and international issues. His yard contained 

a collection of tropical and economic plants. He gave seminars on native landscaping. His 

stationary letterhead said "Economic Botanist". He was a member of the Sarasota United 

Nations Association (President), the Selby Botanical Gardens, and attended the Florida 

Academy of Science meetings. He continued to travel worldwide. His hobbies included 

photography, genealogy, gardening, electronics, and "home repairs". 

Dr. Myers is buried in the New Elizabethtown Memorial Gardens, Cecelia, Kentucky. 

His expertise, counsel, and friendship will be missed. 
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Vascular Flora of Manito Prairie Nature 
Preserve, Tazewell County, Illinois 

William E. McClain, Adjunct Research Associate in Botany 
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and 

Loy R. Phillippe and John E. Ebinger, Center for Biodiversity 

Illinois Natural History Survey, Champaign, Illinois 61820 

ABSTRACT 

The vascular flora of Manito Prairie Nature Preserve was studied during the growing sea¬ 

sons of 2001 and 2002. Located on a gravel terrace of the Illinois River valley 11 km 

southwest of Pekin, Illinois, much of the preserve has been disturbed by past plowing and 

grazing, although small gravel prairie remnants exist. On the gravel prairie remnants 

Schizachyrium scoparium (Michx.) Nash was the leading dominant with an Importance 

Value of 61.8. Other common prairie species include Dichanthelium oligosanthes 

(Schult.) Gould, Dalea purpurea Vent., and Echinacea pallida Nutt. A total of 223 vas¬ 

cular plant species were encountered in the preserve, two fern and fern-allies, 40 mono¬ 

cots, and 181 dicots. Non-native species were common with 56 taxa, representing about 

25% of the flora. The Floristic Quality Index for the preserve is 40.51. 

INTRODUCTION 

At the time of European settlement prairie vegetation covered about 60% of Illinois 

(Iverson et al. 1991). Most was "black soil" tail-grass prairie of the Grand Prairie and 

much of the Southern Till Plain Natural Divisions (Schwegman 1973). Other prairie 

community types were also found in Illinois, including sand prairies, gravel prairies, 

loess hill prairies, and glacial drift prairies. Of these, gravel prairies are extremely 

uncommon (Fell and Fell 1956). 

Gravel prairies are rare in the midwestem United States, many having been destroyed by 

mining and farming operations. Some occur on kames or eskers mostly in the Northeast¬ 

ern Morainal Division of Illinois, but most occur in the northern half of Illinois on glacial 

outwash plains that resulted from erosional events during Wisconsin glaciation (Willman 

and Frye 1970, Willman 1973, King 1981). Here they are associated with valley train 

deposits along major river systems. Fell and Fell (1956) listed plant species and associa¬ 

tions of a few gravel prairies along the Rock River in Winnebago County, while McFall 

(1984) listed plants found on Manito gravel prairie in Tazewell County. More recently 

the flora of a reconstructed gravel prairie in the Wabash River valley, Lawrence County, 

Illinois was studied (Edgin et al. 2003). Also, three gravel prairies were studied along 

Wea Creek, a tributary of the Wabash River in north-central Indiana (Post et al. 1985). 
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As little is known about the flora of gravel prairies in Illinois, a study of one of the few 

remaining examples of this community type was undertaken. Because Manito Prairie 

Nature Preserve (MPNP) still contains small, intact remnants of gravel prairie, and there 

is an earlier study giving the floristic composition of the preserve (McFall 1984), it was 

decided to examine the vegetation of this site. This study was undertaken to determine 

vascular plant species composition, vegetation structure, and floristic quality of the major 

plant communities at the MPNP. 

STUDY SITE 

MPNP is located in southern Tazewell County, about 11 km southwest of Pekin, Illinois 

on a terrace above the Illinois River floodplain (SW1/4 S15 T24N R6W). This site lies at 

the edge of the Illinois River Section of the Illinois River and Mississippi River Sand 

Areas Natural Division (Schwegman 1973). The gravels and sands that form this terrace 

were deposited during the post-glacial period of Wisconsin glaciation about 14,500 years 

ago. At that time glacial deposits in northeastern Illinois were breached causing the 

Kankakee Torrent (Willman 1973). These flood waters carried huge amounts of sand and 

gravel which were deposited along the broad floodplain of the Illinois River starting 

below Hennepin, Illinois. Subsequent erosion created these extensive gravel bluffs. 

MPNP was dedicated in 1985, is 7.94 ha in size, and is situated on a sand and gravel ter¬ 

race which forms a 6-10 m bluff above the Illinois River floodplain (Hunter 1966). 

Evaluated by the Illinois Natural Areas Inventory in 1977, it was identified as a site of 

state-wide significance (White 1978). Originally called Shoop Prairie, it presently con¬ 

sists of about 3.2 ha of Grade B dry gravel hill prairie (McFall 1984, White and Madany 

1978). Most of the prairie is along the bluff of County Road 850E, and consists of three 

parts separated by ravines. The remainder of the preserve consists of successional upland 

fields that, in some places, have a high concentrations of prairie species, and a few 

ravines that are mostly dominated by woody species. 

Climate at MPNP is continental with warm summers and cold winters. Based on weather 

data from Peoria, 25 km to the northwest, the mean annual precipitation is 91.5 cm, with 

the month of May having the highest rainfall (10.6 cm). Mean annual temperature is 

10.4°C with the hottest month being July with an average of 23.9°C, and the coldest Janu¬ 

ary with an average of -5.3°C. Frost-free days range from 150 to 204, the average being 

176 (Midwestern Regional Climate Center 2002). 

METHODS 

MPNP was visited at various times during the growing seasons of 2001 to 2002. Voucher 

specimens of each plant species were collected, identified, and deposited in the Stover- 

Ebinger Herbarium of Eastern Illinois University, Charleston, Illinois (EIU), and the 

Illinois Natural History Survey, Champaign, Illinois (ILLS). Criteria for designating non¬ 

native species followed Mohlenbrock (1986) and Gleason and Cronquist (1991) while 

nomenclature follows Mohlenbrock 1986). 

Four transects 25 m long were located randomly along cardinal compass directions in the 

mature gravel prairie remnants, and two transects 25 m long was located in the succes- 
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sional field. Along each transect, nr quadrats were located at 1 m intervals. Odd num¬ 

bered quadrats were located on the right side of the transect line; even numbered quadrats 

on the left side of the transect line. Cover of each species was determined by using the 

Daubenmire cover class system (Daubenmire 1959) as modified by Bailey and Poulton 

(1968). The modified Daubenmire cover scale is as follows: class 1 = 0 to 1%; class 2 = 

>1 to 5%; class 3 = >5 to 25%; class 4 = >25 to 50%; class 5 = >50 to 75%; class 6 = >75 

to 95%; class 7 = >95 to 100%. Importance value (IV) for ground layer species was 

determined by summing relative cover and relative frequency. 

The Floristic Quality Index (FQI) was determined using the coefficient of conservatism 

(CC) assigned to each species by Taft et al. (1997). The CC for each taxon was deter¬ 

mined by assigning an integer from 0 to 10 based on the species tolerance to disturbance 

and its fidelity to habitat integrity. The FQI is a weighted index of species richness (N), 

and is the arithmetic product of the mean CC, multiplied by the square-root of the species 

richness ( Vn ) of an inventory sites: FQI = mean CC( v/n ). 

For relatively small areas the FQI gives a rapid means of comparison, and an indication 

of the floristic integrity of the site. When used along with other floristic measures, such 

as quadrat-based sampling methods, it provides a method of making comparisons among 

sites. Prairie sites with an FQI of 35 or higher are considered good quality (Taft et al. 

1997). 

RESULTS 

A total of 223 plant species within 169 genera and 63 families were documented (Appen¬ 

dix I). Fern and fern-allies were represented by only two species. Of the remainder, 40 

were monocots in 5 families and 27 genera, and 181 were dicots in 56 families and 140 

genera. Non-native exotic species were common, 56 being found, representing about 25% 

of the flora. Though an obvious feature of the preserve, these non-native species were 

mostly restricted to disturbed areas in and at the edge of the preserve, and were rarely 

encountered in the high quality gravel prairie community. Woody species were also 

common with 40 being found, 18% of the flora. Though mostly native, many of the 

woody species were invading the gravel prairie, with a few confined to wooded ravines 

that traverse the preserve. The most important plant families were Poaceae with 30 spe¬ 

cies, and Asteraceae with 28 species, followed by the Rosaceae and Fabaceae. 

Mature dry gravel prairie 
Located on the west- and southwest-facing slopes of the preserve, this prairie was, in 

many places, overgrown with numerous woody species that formed dense thickets. 

Between the thickets and toward the crests of the steep hillside were dry prairie remnants 

of good quality. Some state endangered and threatened species occurred here, including 

Astragalus tennesseensis (Tennessee milk vetch) and Besseya bullii (kitten tails), along 

with Hymenoxys acaulis (lakeside daisy) which was planted and has persisted (Herkert 

and Ebinger 2002). 

The bunch-grass Schizachyrium scoparium (little bluestem) was the dominant species 

with an IV of 61.8, being more than four times as abundant as the next most important 

species, Dichanthelium oligosanthes (panic grass) with an IV of 12.3 (Table 1). Other 
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common grasses included Sorghastrum nutans (Indian grass), Sproroblus cladestinus 

(dropseed), and Bouteloua curtipendula (sideoats grama). Common forbs included Dalea 

purpurea (purple prairie clover), Echinacea pallida (pale coneflower), Ambrosia psi- 

lostachya (western ragweed) and Opuntia humifusa (pricky-pear). 

Forty-one taxa were found in the plots, four of which were non-native species, while two 

were native woody invaders (Table 1). Of the remainder, ten were grasses and sedges and 

the rest were prairie forbs commonly associated with dry gravel prairies (White and 

Madany 1978). Bare ground and litter accounted for about 25% of the cover (Table 1). 

Most forbs were growing between the clumps of grasses. These clumps were commonly 

10-35 cm across, bare ground being common between them. 

Upland old field 
All uplands in the preserve had been plowed before the area was acquired. Old plow-lines 

and distinct changes in vegetation determined disturbance. Though not diverse floristi- 

cally, prairie plants were common in much of the uplands, and were the dominant species 

in many areas. Nineteen taxa were encountered in the plots (Table 2). Indian grass domi¬ 

nated with an IV of 86.5, while other common prairie grasses included Dichanthelium 

oligosanthes (IV of 17.9), and little bluestem (IV of 4.7). Only a few native prairie forbs 

were present, but non-native species were common components. Woody invasion was 

obvious with the presence of Malus ioensis (Iowa crab apple) which ranked second in IV 

(Table 2). 

DISCUSSION 

The floristic integrity of the entire nature preserve, as measured by the FQI of Taft et al. 

(1997) was 40.71, while the mean Coefficient of Conservation (CC) was 2.71. Twenty- 

three species had a CC of seven or greater. If non-native species were excluded from the 

calculation, the FQI was 46.81 and the mean CC was 3.62. Though exotic species were 

common site components, most were restricted to areas of disturbance. Only four exotic 

species were encountered in the plots of the high quality prairie and these all had IV’s of 

less than 1.4 (Table 1). The high species diversity along with the high FQI qualifies this 

site as being regionally noteworthy (Taft et al. 1997). 

The small remnants of dry gravel hill prairie within the MPNP represent a rare commu¬ 

nity type in the midwest. For this reason steps should be taken to maintain and expand 

this community. Extensive brush removal and prescribed burning will be needed to 

restore this gravel prairie to its former extent and quality. This need becomes obvious 

when comparisons are made with the species list of McFall (1984) and the present study. 

Some obvious losses have already occurred, and it is likely that more will occur in the 

future as the size of the remnants decrease. At least six prairie species appear to have 

been extirpated, including Asclepias amplexicaulis (sand milkweed), Froelichia gracilis 

(cottonweed), Helianthus tuberosus (Jerusalem artichoke), Oenothera rhombipetala 

(sand primrose), Psoralea onobrychis (French grass), and Tephrosia virginiana (goat's- 

rue). Other species appear to have declined in abundance. Both Besseya bullii and 

Muhlenbergia cuspidata are restricted to one small population each. Hymenoxys acaulis, 

though originally planted in six spots, is reduced to one small population with only one 
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individual flowering in 2002. It is likely that more species will be extirpated in the future 

as remnant size decreases. 

McFall (1984) recorded 212 vascular plant species from the MPNP, while during the 

present study 223 taxa were recorded. Much of the increase is in non-native species, 

though some woody taxa reported by McFall (1984) could not be relocated. Recent man¬ 

agement activities on the preserve probably account for this decrease. Presently most of 

the gullies have been cleared of woody vegetation, and some of the thickets surrounding 

the gravel prairies have been removed. Also, the use of occasional fires on various parts 

of the preserve has help reduce woody invasion. Extensive thickets remain, however, and 

these will need to be removed. 
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Table 1. Frequency (%), average cover, relative frequency, relative cover, and impor¬ 

tance value of ground layer species in a xeric gravel prairie at Manito Prairie 

Nature Preserve, Tazewell County, Illinois. (* = non-native) 

Species 
Freq. 

% 
Average 
Cover 

Rel. 
Freq. 

Rel. 
Cover I. V. 

Schizachyrium scoparium 100 35.43 13.2 48.6 61.8 
Dichanthelium oligosanthes 52 3.91 6.9 5.4 12.3 
Dalea purpurea 53 3.55 7.0 4.9 11.9 
Echinacea pallida 35 4.99 4.6 6.8 11.4 
Ambrosia psilostachya 40 2.60 5.3 3.6 8.9 
Sorghastrum nutans 31 2.97 4.0 4.1 8.1 
Opuntia humifusa 45 1.54 6.0 2.1 8.1 
Lespedeza capitata 40 1.99 5.3 2.7 8.0 
Heterotheca camporum 29 2.93 3.9 4.0 7.9 
Sporobolus clandestinus 31 1.65 4.0 2.3 6.3 
Senecio plattensis 20 1.88 2.6 2.6 5.2 
Bouteloua curtipendula 28 0.95 3.7 1.3 5.0 
Malus ioensis 16 2.03 2.1 2.8 4.9 
Sporobolus asper 20 1.37 2.6 1.9 4.5 
Euphorbia corollata 17 1.09 2.3 1.5 3.8 
Asclepias verticillata 27 0.13 3.5 0.2 3.7 
Bouteloua hirsuta 17 0.93 2.3 1.3 3.6 
Cyperus filiculmis 24 0.15 3.2 0.2 3.4 
Desmodium illinoense 15 0.56 1.9 0.8 2.7 
Ruellia humilus 15 0.37 1.9 0.5 2.4 
Potentilla arguta 13 0.33 1.8 0.5 2.3 
Oxalis dillenii 13 0.07 1.8 0.1 1.9 
Brickellia eupatorioides 9 0.21 1.1 0.3 1.4 
*Poa pratensis 9 0.15 1.1 0.2 1.3 
* Achillea millefolium 9 0.11 1.1 0.1 1.2 
Oenothera biennis 8 0.11 1.1 0.1 1.2 
*Mirabilis nyctaginea 7 0.10 0.9 0.1 1.0 
Crataegus mollis 3 0.08 0.4 0.1 0.5 
Eupatorium altissimum 3 0.08 0.4 0.1 0.5 
Gaura biennis 3 0.08 0.4 0.1 0.5 
Silene stellata 3 0.05 0.4 0.1 0.5 
Solidago juncea 3 0.08 0.4 0.1 0.5 
Car ex spp. 4 0.02 0.5 — 0.5 
Cassia fasciculate 4 0.02 0.5 — 0.5 
Antennaria neglecta 1 0.20 0.2 0.2 0.4 
*Kummerowia stipulacea 3 0.01 0.4 — 0.4 
Phlox bifida 3 0.01 0.4 — 0.4 
Aster pilosus 1 0.04 0.2 0.1 0.3 
Callirhoe triangulata 1 0.04 0.2 0.1 0.3 
Lactuca canadensis 1 0.04 0.2 0.1 0.3 
Oxalis violacea 1 0.01 0.2 — 0.2 

Totals 72.86 100.0 100.0 200.0 

Average bare ground and litter 25.10 
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Table 2. Frequency (%), average cover, relative frequency, relative cover, and impor¬ 

tance value of ground layer species in an upland old field at Manito Prairie 

Nature Preserve, Tazewell County, Illinois. (* = non-native) 

Species 

Freq. 

% 

Average 

Cover 

Rel. 

Freq. 

Rel. 
Cover 

Freq. 

I. V. 

Sorghastrum nutans 100 71.10 14.3 72.2 86.5 
Malus ioensis 92 10.34 13.1 10.5 23.6 
Dichanthelium oligosanthes 96 4.10 13.7 4.2 17.9 
*Poa pratensis 100 3.48 14.3 3.5 17.8 
*Rumex acetosella 76 0.48 10.8 0.5 11.3 
Fragaria virginiana 56 3.12 8.0 3.2 11.2 

Oxalis dillenii 44 0.32 6.3 0.3 6.6 
Asclepias verticillata 32 0.46 4.6 0.5 5.1 
Schizachyrium scoparium 16 2.40 2.3 2.4 4.7 
*Bromus inermis 12 1.22 1.7 1.2 2.9 
Car ex spp. 16 0.48 2.3 0.5 2.8 
Oenothera biennis 12 0.26 1.7 0.3 2.0 
Potentilla simplex 12 0.16 1.7 0.2 1.9 
*Potentilla recta 12 0.06 1.7 0.1 1.8 
*Kummerowia stipulacea 8 0.04 1.1 0.1 1.2 
Potentilla arguta 4 0.12 0.6 0.1 0.7 
Rubus occidentalis 4 0.12 0.6 0.1 0.7 
* Verbascum thapsus 4 0.12 0.6 0.1 0.7 
Conyza canadensis 4 0.02 0.6 — 0.6 

Totals 98.40 100.0 100.0 200.0 

Average bare ground and litter 0.50 
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APPENDIX I. 

Vascular taxa encountered at Manito Prairie Nature Preserve, Tazewell County, Illinois, 

are listed alphabetically by family under major plant groups. Non-native (exotic) species 

are indicated by an asterisk (*). For each species the author's collection number (JEE) is 

given, and the specimens are deposited in the Stover-Ebinger Herbarium of Eastern Illi¬ 

nois University (EIU). Collecting number preceded by P were collected by Loy R. Phil- 

lippe, and the specimens are deposited in the Illinois Natural History Survey Herbarium 

(ILLS). 

FERN AND FERN-ALLIES 
Aspleniaceae 
Aspleniwnplatyneuron (L.) BSP. P35679 

Equisetaceae 
Equisetum laevigatum A.Br. 30720 

MONOCOTS 
Commelinaceae 
*Commelina communis L. 31168 
Tradescantia ohiensis Raf. 30721 

Cyperaceae 
Car ex aggregata Mack. P35681 
Carex bebbii (Bailey) Fem. 30722 
Car ex blanda Dewey 30551 
Carex muhlenbergii Willd. 30723 
Carexpensylvanica Lam. 30552 
Cyperus filiculmis Vahl 30906 

Liliaceae 
* Asparagus officinalis L. 30861 

Poaceae 
*Agropyron repens (L.) Beauv. 30862 
Agrostis hyemalis (Walt.) BSP. P35684 
Andropogon gerardii Vitman 31169 
Bouteloua curtipendula (Michx.) Torr. 

30907 
Bouteloua hirsuta Lag. 31122 
*Bromus inermis Leyss. 30724 
*Bromus tectorum L. 30553 
*Chloris verticil lata Nutt. 31170 
*Dactylis glomerata L. 30725 
Dichanthelium oligosanthes (Schult.) Gould 

30727 
*Digitaria sanguinalis (L.) Scop. 31171 
Elymus canadensis L. 30908 
Elymus virginicus L. 30909 
Eragrostis spectabilis (Pursh) Steud. 31172 
Eragrostis trichodes (Nutt.) Wood 31067 
*Festucapratensis Huds. 30726 
Leptoloma cognatum (Schult.) Chase 

31083 

Muhlenbergia cuspidata (Torr.) Rydb. 
31084 

Muhlenbergia frondosa (Poir.) Fem. 31173 
Muhlenbergia schreberi J.F. Gmel. P36147 
*Poa compressa L. 30728 
*Poa pratensis L. 30729 
Schizachyrium scoparium (Michx.) Nash 

31068 
*Setaria viridis (L.) Beauv. 31069 
Sorghastrum nutans (L.) Nash 31085 
Sporobolus asper (Michx.) Kunth 31121 
Sporobolus clandenstinus (Biehler) Hitchc. 

31120 
Sporobolus heterolepis (Gray) Gray 31174 
Tridens flavus (L.) Hitchcock 31070 
Vulpia octoflora (Walt.) Rydb. 31086 

Smilacaceae 
Smilax hispida Muhl. 30730 

DICOTS 
Acanthaceae 
Ruellia humilis Nutt. 30863 

Anacardiaceae 
Rhus aromatica Ait. 30554 
Rhus glabra L. 31087 
Toxicodendron radicans (L.) Kuntze 30731 

Apiaceae 
Sanicula canadensis L. 30864 
Spermolepis inermis (Nutt.) Math. & Con¬ 

stance P35685 

Apocynaceae 
Apocynum cannabinum L. 30865 

Asclepiadaceae 
Asclepias syriaca L. 30866 
Asclepias tuberosa L. 30867 
Asclepias verticillata L. 30868 
Asclepias viridiflora Raf. P35686 

Asteraceae 
* Achillea millefolium L. 30732 
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Ambrosia artemisiifolia L. 31071 
Ambrosiapsilostachya DC. 31072 
Ambrosia trifida L. 31073 
Antennaria neglecta Greene 30555 
* Arctium minus Bemh. 31175 
Aster ericoides L. 31177 
Asterpilosus Willd. 31176 
Brickellia eupatorioides (L.) Shinners 31074 
Cirsium discolor (Muhl.) Spreng. 31088 
*Cirsium vulgare (Savi) Tenore 30910 
Conyza canadensis (L.) Cronq. 31075 
Echinacea pallida Nutt. 30869 
Erigeron strigosus Muhl. 30733 
Eupatorium altissimum L. 31090 
Eupatorium rugosum Houtt. 31089 
Gnaphalium obtusifolium L. 31178 
Heterotheca camporum (Greene) Shinners 

30870 
Hymenoxys acaulis (Pursh) Parker 30591 
Lactuca canadensis L. 30911 
*Lactuca serriola L. 30912 
Rudbeckia hirta L. 30871 
Senecio plattensis Nutt. 30556 
Solidago canadensis L. 31179 
Soli dago juncea Ait. 30913 
*Sonchus oleraceus L. 30914 
* Taraxacum officinale Weber 30557 
*Tragopogon dubius Scop. 30734 

Boraginaceae 
*Buglossoides arvense (L.) I.M. Johnston 

30558 
Hackelia virginiana (L.) I.M.Johnston 

30872 
Lithospermum incisum Lehm. 31180 
Mertensia virginica (L.) Pers. 30559 
Onosmodium hispidissimum Mack. 30873 

Brassicaceae 
*Alliariapetiolata (Bieb.) Cavara & Grande 

30560 
Arabis glabra (L.) Bemh. 30735 
Arabis shortii (Fem.) Gl. 30564 
*Capsella bursa-pastoris (L.) Medic. 30561 
Draba reptans (Lam.) Fem. 30562 
*Lepidium campestre (L.) R. Br. 30736 
*Lepidium densiflorum Schrad. 30563 
Lepidium virginicum L. 30737 

Cactaceae 
Opuntia humifusa (Raf.) Raf. 30877 

Caesalpiniaceae 
Cassia fasciculata Michx. 30917 
Gleditsia triacanthos L. 30918 
Gymnocladus dioica (L.) K. Koch. 31185 

Campanulaceae 
Campanula americana L. 30874 
Triodanisperfoliata (L.) Nieuwl. 30738 

Caprifoliaceae 
*Lonicera maackii (Rupr.) Maxim. 30739 
Sambucus canadensis L. 31091 

Caryophyllaceae 
*Arenaria serpyllifolia L. P35683 
*Cerastium glomeratum Thuill. 30565 
*Cerastium vulgatum L. 30566 
*Dianthus armeria L. 30916 
*Holosteum umbellatum L. 30567 
*Lychnis alba Mill. 30568 
Minuartia stricta (Michx.) Hiem. 30740 
*Saponaria officinalis L. 30875 
Silene antirrhina L. 30569 
Silene stellata (L.) Ait.f. 30876 
*Stellaria media (L.) Vill. 30570 

Celastraceae 
Celatrus scandens L. 31092 

Chenopodiaceae 
* Chenopodium album L. 31181 

Comaceae 
Cornus drummondii C.A. Mey. 30878 

Elaeagnaceae 
*Elaeagnus umbellata Thunb. 31182 

Euphorbiaceae 
Acalypha rhomboidea Raf. 31183 
Chamaesyce maculata (L.) Small 31093 
Croton glandulosus L. 31184 
Euphorbia corollata L. 30879 
Poinsettia cyathophora (Murr.) Kl. & 

Garcke 31095 
Poinsettia dentata (Michx.) Kl. & Garcke 

31094 

Fabaceae 
Amorpha canescens Pursh 30880 
Amorpha fruticosa L. 30741 
Astragalus tennesseensis Gray 30571 
Daleapurpurea Vent. 30882 
Desmodium illinoense Gray 30883 
Lespedeza capitata Michx. 31076 
*Kummerowia stipulacea (Maxim.) Makino 

31123 
*Medicago lupulina L. 30742 
*Melilotus alba Medic. 30881 
*MeliIotus officinalis (L.) Pallas 30743 
* Trifolium arvense L. P36145 
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Fagaceae 
Quercus imbricaria Michx. 30919 
Quercus macrocarpa Michx. 30920 
Quercus rubra L. 31077 

Geraniaceae 
Geranium carolinianum L. 30744 

Grossulariaceae 
Ribes missouriense Nutt. 30745 

Hydrophyllaceae 
Ellisia nyctelea L. 30572 
HydrophyUum virginianum L. 30746 

Hypericaceae 
Hypericum sphaerocarpum Michx. 30884 

Juglandaceae 
Carya tomentosa (Poir.) Nutt. 31186 
Juglans nigra L. 31078 

Lamiaceae 
Agastache nepetoides (L.) Ktze. 31096 
Hedeoma hispida Pursh P35677 
*Lamium amplexicaule L. 30573 
*Leonurus cardiaca L. 30747 
*Nepeta cataria L. 30885 
Scutellaria parvula Michx. 30748 
Teucrium canadense L. 30886 
Trichostema brachiatum L. 31079 

Lauraceae 
Sassafras albidum (Nutt.) Nees 30921 

Lythraceae 
Cuphea viscosissima Jacq. 31097 

Malvaceae 
Callirhoe triangulata (Leavenw.) Gray 

30887 

Menispermaceae 
Menispermum canadense L. 30749 

Moraceae 
* Cannabis sativa L. 31080 
*Morus alba L. 30922 
Morus rubra L. 31098 

Nyctaginaceae 
*Mirabilis nyctaginea (Michx.) MacM. 

30750 

Oleaceae 
Fraxinus americana L. 31187 

Onagraceae 
Gaura biennis L. 30923 
Oenothera biennis L. 30888 

Oxalidaceae 
Oxalis dillenii Jacq. 30751 
Oxalis stricta L. P35680 
Oxalis violacea L. 30574 

Papaveraceae 
Corydalis micrantha (Engelm.) Gray 30575 

Phytolaccaceae 
Phytolacca americana L. 31099 

Plantaginaceae 
* Plantago lanceolata L. 30924 
Plantago rugelii Dene. 31081 
Plantago virginica L. 30752 

Platanaceae 
Platanus occidentals L. 31188 

Polemoniaceae 
Phlox bifida Beck 30576 

Polygalaceae 
Polygala verticillata L. P36144 

Polygonaceae 
*Polygonum convolvulus L. P36149 
Polygonum scandens L. 31189 
Polygonum tenue Michx. 31100 
*Rumex acetosella L. 30577 
Rumex altissimus Wood P35687 
*Rumex crispus L. 30753 

Primulaceae 
Androsace occidentals Pursh 30578 
Dodecatheon meadia L. 30579 

Ranunculaceae 
Anemone caroliniana Walt. 30581 
Anemone cylindrica Gray 30754 
Aquilegia canadensis L. 30582 
Clematispitcheri Torr. & Gray 30755 
Ranunculus abortivus L. 30583 

Rhamnaceae 
Rhamnus lanceolata Pursh 29544 

Rosaceae 
Crataegus mollis (T. & G.) Scheele 30584 
Fragaria Virginian a Duchesne 30585 
Geum canadense Jacq. 30889 
Malus ioensis (Wood) Britt. 30586 
Potentilla arguta Pursh 30890 
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*Potentilla recta L. 30891 
Potentilla simplex Michx. 31124 
Prunus americana Marsh. 31298 
Primus serotina Ehrh. 30756 
*Rosa multiflora Thunb. 30757 
Rubus flagellaris Willd. 30587 
Rubus occidentalis L. 30758 

Rubiaceae 
Galium aparine L. 30759 
Galium circaezans Michx. 30892 

Rutaceae 
Ptelea trifoliata L. 30760 
Zanthoxylum americanum Mill. 30925 

Saxifragaceae 
Heuchera richardsonii R. Br. 30761 

Scrophulariaceae 
Besseya bullii (Eat.) Rydb. 30590 
Penstemon pallidus Small 30762 
Scrophularia lanceolata Pursh 30893 
*Verbascum thapsus L. 30894 
* Veronica arvensis L. 30580 

Solanaceae 
Physalis heterophylla Nees 30895 
Physalis virginiana Mill. P35678 
Solarium carolinense L. 30926 

Ulmaceae 
Celtis occidentalis L. 30927 
* Ulmus pumila L. 31101 
Ulmus rubra Muhl. 30928 

Urticaceae 
Parietariapensylvanica Muhl. 31082 

Verbenaceae 
Verbena strict a Vent. 30896 
Verbena urticifolia L. P36150 

Violaceae 
* Viola rafinesquii Greene 30588 
Viola sororia Willd. 30589 

Vitaceae 
Parthenocissus quinquefolia (L.) Planch. 

30929 
Vitis riparia Michx. 30763 
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ABSTRACT 

Compatibility systems (i.e., self-compatible vs. self-incompatible) and types of individu¬ 

als (e.g., heteromorphic, dioecious, etc.) in prairie plant species are usually ignored in 

prairie flower publications. Lack of knowledge regarding this information can hinder the 

success of prairie restoration. In this paper, I provide an explanation for why those 

involved in restoration should be concerned about the compatibility system and types of 

individuals of prairie plants. In addition, a list of the compatibility systems and types of 

individuals for some of the most common species used in prairie restorations is provided. 

Prairie restoration is becoming a big business for landscapers and a major effort under¬ 

taken by many state (e.g., Departments of Natural Resources) and federal agencies (e.g., 

United States Department of Agriculture Forest Service, United States Fish and Wildlife 

Service). However, in most cases it is local environmental groups, local park districts, 

and some individuals doing prairie restorations. Most people doing prairie restorations 

are very knowledgeable about the biology of prairie plant species, such as their habitat 

and seed germination requirements and the best propagation techniques. However, many 

are unaware of additional factors affecting the reintroduction, establishment, and persis¬ 

tence of a species in a restoration, such as patch dynamics, pollinator guilds, and repro¬ 

ductive biology including plant compatibility systems (i.e., self-compatible vs. self¬ 

incompatible), and that some prairie species have different individual types (e.g., hetero¬ 

morphic, dioecious, etc.). This oversight is understandable because many guides and 

other books on prairie plants fail to provide this basic information and explain how these 

factors influence the success and persistence of a species in a restoration. Making this 

information accessible will ensure a higher level of public awareness. 

One aspect of plant biology that is rarely reported is the species’ compatibility system. 

The’compatibility system of a plant species is concerned with which pollen is accepted or 

rejected. In general, plants fall into two categories: self-compatible and self-incompatible. 

Self-compatible means that both self and outcross pollen will be accepted by a flower 

(stigma). In the case of self-incompatiblility, only cross pollen will be accepted by the 

flower (stigma). For example, most members of the Carrot Family (Apiaceae) and plants 
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with both chasmogamous and cleistogamous flowers (see Appendix for definition) are 

self-compatible. Published data indicates that 49 percent of prairie species are known to 

be self-compatible (Table 1). Members of the Sunflower (Asteraceae) and Milkweed 

(Asclepiadaceae) families generally are considered to be self-incompatible (Wyatt and 

Broyles 1994; Richards 1997; Schlessman and Graceffa 2002). Published data indicates 

that 39 percent of prairie species are known to be self-incompatible (Table 1). For the 

remaining 12 percent of prairie species, either data was not available or the species has a 

mixed compatibility system (i.e., self-compatible/self-incompatible; Table 1). 

For species that are propagated by cuttings or are clonal (i.e., vegetative reproduction), 

self-incompatibility may limit reproduction if only one or a few genotypes are used in the 

restoration. One example of such a situation is the self-incompatible Filipendula rubra 

(Queen-of-the-prairie). If all the plants in a restoration are cloned from a single plant, 

fruit set will be hindered (i.e., no fruit set) because only self pollen will be transferred 

(Aspinwall and Christian 1992). To avoid such reproductive problems, particular empha¬ 

sis should be placed on seed or cutting origin. Collection of seeds or cuttings from multi¬ 

ple nearby populations (sites) may decrease this reproductive problem, because more 

genotypes will be available. 

Regardless of compatibility system, collecting seeds from a single population or from 

widely separated populations might result in either inbreeding or outbreeding depression, 

which can reduce reproductive success and fitness. Inbreeding depression is when geneti¬ 

cally similar (i.e., closely related) individuals cross with each other resulting in the 

reduction in fitness of the offspring. Outbreeding depression is when very genetically 

different (i.e., distantly related) individuals cross with each other resulting in the reduc¬ 

tion of the fitness of the offspring. Both inbreeding and outbreeding depression can hin¬ 

der species persistence in a restoration. 

Another usually overlooked aspect of reproductive biology is that some prairie species 

have different types of individuals (e.g., heteromorphic (pin/thrum), monoecious, dio¬ 

ecious, gynodioecious; see Appendix for definitions). Published data indicates that 24 

percent of prairie species have different types of individuals (Table 1). Most prairie plants 

produce only one type of plant, hermaphroditic. However, some prairie species produce 

plants of different sexes. An example of a prairie species with different types of individu¬ 

als is Lobelia siphilitica (Blue lobelia). This species has two breeding types in natural 

populations: hermaphroditic and female (i.e., gynodioecious). If a restoration project with 

this species includes hermaphroditic individuals, reproduction may succeed, however, if a 

high proportion of females are re-planted, reproduction will be negatively affected. 

A more subtle situation is heterostyly, in which different plants bear their stigmas and 

anthers at different levels in different plants. An excellent example is Lithospermum 

canescens (Hoary puccoon). This species has two types of individuals, pin and thrum. 

Individuals that are thrum have flowers with the style half way down the corolla tube and 

the anthers visible at the top of the corolla tube. Pin individuals are the opposite. Both 

types of individuals have to be present for successful reproduction. Populations that 

depart from equal numbers of pin and thrum individuals suffer reduced reproduction. In 

addition, plant species with pin and thrum flowers are usually self-incompatible (Rich¬ 

ards 1997, Proctor et al. 1996). 
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Table 1 lists the compatibility system and types of individuals, when applicable, for some 

of the more common species used in restorations. A total of 67 species were chosen either 

because they are commercially available or easy to establish. Also, the species were cho¬ 

sen because information about compatibility systems and types of individuals was found 

in peer-reviewed publications. An appendix has been included defining terminology pre¬ 

sented in this paper or that the readers may encounter in the literature cited. Hopefully 

this data will provide an additional tool to improve prairie restorations. 
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Table 1. List of the compatibility systems and individual types for some of the most 

common species used in prairie restorations (SC = self-compatible; SI = self¬ 

incompatible; SI/SC = both compatibility systems found; SI/sc = mostly self¬ 

incompatible but self-compatibility found occasionally; SC/si = mostly self¬ 

compatible but self-incompatibility found occasionally; CH = chasmogamous; 

CL = cleistogamous; H = Heterostylous; GD = Gynodioecious; GM = Gyno- 

monoecious; ? = suspected but unconfirmed; * = in Canada). 

Genus/species Common Name Family Compatibility system 

Allium stellatum Cliff onion Liliaceae SC (Molano-Flores et al., 1999) 

Amorpha canescens Leadplant Fabaceae SC (Parrish and Bazzaz, 1979) 

Andropogon gerardii Big bluestem Poaceae SI (McKone etal., 1998) 

Anemone canadensis Canada anemone Ranunculaceae SI (Douglas and Cruden, 1994) 

Anemone cylindrical Thimbleweed Ranunculaceae SC (Molano-Flores and Hendrix, 1998) 

Anemone patens Pasque flower Ranunculaceae SC (Cruden, 1977) 

Apocynum cannabinum Hemp dogbane Apocynaceae SI (Lipow and Wyatt, 1999) 

Asclepias incarnata Swamp milkweed Asclepiadaceae SC/si (Lipow and Wyatt, 2000) 

Asclepias sryriaca Common milkweed Asclepiadaceae SI/SC (Kephart, 1981) 

Asclepias tuberosa Butterfly milkweed Asclepiadaceae SI/SC (Wyatt, 1976) 

Asclepias verticillata Whorled milkweed Asclepiadaceae SI (Kephart, 1981) 

Astragalus canadensis Canada milk-vetch Fabaceae SC (Boe and Fluharty, 1993) 

Baptisia leucantha White false indigo Fabaceae SC (Haddock and Chaplin 1982) 

Baptisia leucophaea Cream false indigo Fabaceae SC (Haddock and Chaplin 1982) 

Bromus kalmii Prairie brome Poaceae SC (McKone, 1985) 

Buchloe dactyloides Buffalo grass Poaceae Dioecious [SC-monoecious, her¬ 

maphrodite] (Huff and Wu, 1992) 

Chamaecrista fasciculata Partridge-pea Fabaceae SC (Fenster, 1995) 

Cephalanthus occidentalis Buttonbush Rubiaceae SI (Imbert and Richards, 1993) 

Coreopsis lanceolata Sand coreopsis Asteraceae SI (Banovetz and Scheiner, 1994) 

Dalea purpureum Purple prairie clover Fabaceae SC (Parrish and Bazzaz, 1979) 

Echinacea angustifolia Pale-purple coneflower Asteraceae SI/sc (Leuszler, 1996) 

Elymus canadensis Canadian wild rye Poaceae SC (Sanders and Hamrick, 1980) 

Eryngium yuccifolium Rattlesnake master Apiaceae SC (Molano-Flores, 2001) 

Eupatorium perfoliatum Common boneset Asteraceae SI (Byers, 1995) 

Fragaria virginiana Wild strawberry Rosaceae SC [GD] (Ashman, 2000) 

Filipendula rubra Queen-of-the-prairie Rosaceae SI (Aspinwall and Christian, 1992) 

Gaillardia pulchella Blanket-flower Asteraceae SI (Heywood, 1993) 

Gentiana andrewsii Closed gentian Gentianaceae SC (Costelloe, 1988) 

Gentiana puberula Downy gentian Gentianaceae SC (Parrish and Bazzaz, 1979) 

Helianthus occidentalis Western sunflower Asteraceae SI (Fore and Guttman, 1999) 

Houstonia caerulea Bluets Rubiaceae SI [H (distyly)] (Wyatt and Hellwing, 

1979) 

Lespedeza capitata Round-headed bush 

clover 

Fabaceae SC [CH/CL] (Cole and Biesboer, 1992) 

Liatris aspera Rough blazing star Asteraceae SI (Levin, 1968b) 

Liatris cylindrical Prairie blazing star Asteraceae SI (Schaal and Levin, 1978) 

Liatris spicata Dense blazing star Asteraceae SI (Levin, 1968b) 

Lilium philadelphicum Wood lily Liliaceae SI (Edwards and Jordan, 1992) 

Lithospermum canescens Hoary puccoon Boraginaceae SI? H (distyly) (Johnston, 1952) 

Lithospermum caroliniense Hairy puccoon Boraginaceae SI/sc [CH/CL, H (distyly), homo- 

Stylous] (Levin 1968a) 

Lithospermum incisum Yellow puccoon Boraginaceae SC [CH/CL] (Johnston, 1952) 

Lobelia cardinalis Cardinal flower Campanulaceae SC (Johnston, 1991) 

Lobelia siphilitica Blue lobelia Campanulaceae SC [GD] (Johnston, 1991) 
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Table 1. continued. 

Genus/species Common Name Family Compatibility system 

Lobelia spicata Spiked lobelia Campanulaceae SC [GD] (Molano-Flores, 2002) 

Lythrum alatum Winged loosestrife Lythraceae SI? [H (distyly)] (Brown and Mitchell, 

2001) 

Mirabilis nyctaginea Four-o’ -clock Nyctaginaceae SC [CH (early summer) and CL 

(late summer)] (Cruden, 1973) 

Monarda fistulosa Wild bergamont Lamiaceae SC (Cruden at al., 1984) 

Oenothera bienns Common evening 

primrose 

Onagraceae SC/si (Steiner and Levin, 1977) 

Oenothera missouriensis Missouri evening 

primrose 

Onagraceae SI (Delbart et al., 1983) 

Oenothera pilosella Prairie sundrops Onagraceae SI (Straley, 1977) 

Parthenium integrifolium Wild quinine Asteraceae SI (Hashemi et al., 1989) 

Penstemon digitalis Foxglove beard tongue Scrophulariaceae SC (Clinebell and Bernhardt, 1998) 

Penstemon pallidus Pale beard tongue Scrophulariaceae SC (Clinebell and Bernhardt, 1998) 

Phlox pilosa Prairie phlox Polemoniaceae SI (Levin and Kerster, 1970) 

Pycnanthemum virginianum Mountain mint Lamiaceae Apomixis* (Chambers, 1961) 

Ruellia humilus Hairy wild petunia Acanthaceae SC [CH/CL] (Long, 1966) 

Silene regia Royal catchfly Caryophyllaceae SC (Menges, 1995) 

Solidago nemoralis Field goldenrod Asteraceae SI? [GM] (Bertin and Gwisc, 2002) 

Solidago speciosa Showy goldenrod Asteraceae SI? [GM] (Bertin and Gwisc, 2002) 

Sorghastrum nutans Indian grass Poaceae SI (McKone et al., 1998) 

Stipa spartea Porcupine grass Poaceae SC [CH/CL] (Cruden and Lyon, 1989) 

Thalictrum dasycarpum Meadowrue Ranunculaceae Dioecious (Gleason and Cronquist, 1991) 

Tradescantia ohiensis Spiderwort Commeliaceae SI (Ownes and McGrath, 1984) 

Verbena hastata Blue vervain Verbenaceae SC (Cruden et al., 1990) 

Verbena stricta Hoary vervain Verbenaceae SC (Cruden et al., 1990) 

Viola pedatifida Prairie violet Violacea SC [CH/CL] (Kirt, 1995) 

Viola pedata Birdfoot violet Violacea SI (Becker and Ewart, 1990) 

Zizia aptera Heart-leaf meadow 

parsnip 

Apiaceae SC (Lindsay 1982) 

Zizia aurea Golden alexanders Apiaceae SC (Parrish and Bazzaz, 1979) 
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APPENDIX 

Dellaporta and Calderon-Urrea (1993) have listed (with some modifications) and defined 

a variety of terms used to describe types of individuals at different levels in plants 

(female = pistil(s); male = stamen(s): 

Individual Flowers 
• Hermaphrodite - bisexual flower with both female and male 

♦ Cleistogamy - Closed flowers that self pollinate 

♦ Chasmogamy - Open flowers capable of open pollination 

♦ Heterostyly - Modification of flower parts 

• Unisexual - flower is either female or male 

Individual Plants 
• Hermaphrodite - the plant has only hermaphrodite flowers 

• Monoecious - unisexual male and female flowers are on the same plant 

• Dioecious - unisexual male and female flowers are on different plants 

• Gynoecious - only female flowers 

• Androecious - only male flowers 

• Gynomonoecious - both hermaphrodite and female flowers 

• Andromonoecious - both hermaphrodite and male flowers 

• Trimonoecious (polygamous) - hermaphrodite, male, and female flowers are all on 

the same plant 

Plant Populations 
• Hermaphrodite - only hermaphrodite plants 

• Monoecious - only monoecious plants 

• Dioecious - only dioecious plants 

• Gynodioecious - both female and hermaphrodite plants 

• Androdioecious - both male and hermaphrodite plants 

• Trioecious (or subdioecious) - hermaphrodite, male, and female plants are all in the 

same population 
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ABSTRACT 

This paper focuses on climate change and variability in Illinois, describing the behavior 

of annual, seasonal, and monthly temperatures since 1895 for use by climate-sensitive 

decision-makers. By examining the historical records we can better understand the 

climate we have experienced and better prepare us for any future changes in climate. The 

annual temperature pattern in Illinois is similar but larger in magnitude than the U.S. 

changes for the periods of 1895-1939 and 1940-1970. The warming since 1970 was less 

in Illinois than in the U.S. An examination of the monthly and seasonal data for Illinois 

suggests that most of the changes in temperature over the last 108 years have occurred in 

winter with February showing the largest changes over time, followed closely by January. 

For February, the period before 1940 showed a rapid warming of 1°C per decade, fol¬ 

lowed by a 0.5°C per decade cooling through 1970. Finally, the last 32 years have seen a 

warming of 1.2°C per decade. These changes in winter, and especially in January and 

February, were supported in the snowfall records as well. The climate processes behind 

the large changes that centers on February are not clear at this time. 

INTRODUCTION 

The climate has always been changing on various time scales, from decades to centuries, 

and in varying magnitudes. Previous studies have examined various aspects of past cli¬ 

mate change in Illinois, including Changnon (1980), Changnon et al. (1997), and 

Changnon and Winstanley (1999). 

The subject of future climate change, especially the effect of global warming due to 

greenhouse gasses, has been widely debated over the last few decades. Recent develop¬ 

ments such as the Kyoto Treaty and the national assessment of the impacts of climate 

change on the U.S. (National Assessment Synthesis Team, 2000) have ensured that the 

topic remains in the forefront of environmental issues in Illinois and elsewhere. Most of 

the discussion of evidence and potential impacts has focused on global, national, or 

regional scales when addressing climate change. However, what has happened in Illinois 

with regards to climate variability and change in the last century? Has Illinois become 

warmer or cooler? Has the warming or cooling been uniform through the year? This 
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paper focuses on those questions using annual and monthly temperature data for Illinois 

and the U.S. for the last 108 years. Some of the possible mechanisms for U.S. climate 

variability and change, in general, will be discussed. However, it is beyond the scope of 

this paper to determine all the mechanisms operating on Illinois temperatures or the pro¬ 

portion of their contributions. 

It is important to identify two key concepts in describing the temporal aspects in 

describing the temporal aspects of climate: climate change and climate variability. Cli¬ 

mate variability is defined as the variation of the climate around the long-term mean state 

of the atmosphere. Climate change, on the other hand, relates to long-term change sus¬ 

tained over several decades, or longer (American Meteorological Society, 1999). 

Activities sensitive to climate variability and change include various aspects of agricul¬ 

ture, energy usage, water resources, and transportation. Historical temperature records 

can be used to understand previous impacts to these sectors such as the cold winters of 

the late 1970s or the hot summers of the 1930s. Past temperature records are useful for 

planning purposes of those activities that are sensitive to the behavior of annual and sea¬ 

sonal temperatures. For example, research by Lamb and Changnon (1981) and Angel et 

al. (1993) suggest that the most recent 5-20 years are the best estimate of the average 

temperature of the next year. This paper does not attempt to “forecast” the Illinois climate 

for the next 10, 30, or 100 years. Still, by examining the historical records we can better 

understand the climate we have experienced and better prepare us for any future changes 

in climate. 

DATA AND METHODOLOGY 

The primary data sources used were the temperature records archived by the National 

Climatic Data Center (NCDC). For the period 1895 to 2000, stations belonging to the 

U.S. Historical Climate Network (USHCN) were used in the analysis (Figure 1). These 

temperature records have been adjusted by NCDC to account for biases caused by the 

time of observation (Karl et al., 1986), station moves, and urbanization. Between 26 and 

36 USHCN stations in Illinois were used, with the number of available stations increasing 

with time. Most sites are located in rural areas or small towns, minimizing the effects of 

urbanization. 

The update of the USHCN stations lags behind the present by 2 to 3 years due to the 

amount of processing done by NCDC. Therefore, an alternate NCDC dataset of statewide 

monthly temperatures were used for 2001-2003. This alternate NCDC dataset used all 

available cooperative observer data in the state while only adjusting for the time of 

observation bias. A comparison with the USHCN data reveals no significant differences 

between the two (less than 0.1 °C). At the time of this writing, final quality-controlled 

data was available through February 2003. For comparative purposes, all regression trend 

analyses were performed on the period 1895-2002. The early 2003 data was included in 

figures, when appropriate, for illustrative purposes. Additional information on changes in 

maximum and minimum daily temperatures and snowfall was obtained directly from 

selected long-term daily cooperative observer records. 
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ANALYSIS 

Annual Variability and Changes - U.S. and Illinois 

Figure 2 shows the contiguous U.S. and Illinois annual mean temperature since 1895, 

expressed as a departure from their respective 1971-2000 averages for the period 1895- 

2002. Using simple linear regression, the U.S. temperatures have warmed by about 0.7°C 

from 1895 to 1939, cooled by some 0.4°C from 1940 to 1970, before warming 0.9°C 

from 1971 to 2002. Applying simple linear regression to the period of record gives an 

overall upward trend of about 0.4°C in the last 108 years for the U.S. The slope of the 

linear regression for the periods 1895-1939, 1971-2002, and 1895-2002 were statistically 

significant at Q=0.05. The slope of the linear regression for the period 1940-1970 was 

slightly less significant with a p-value of 0.058. 

The temporal pattern for Illinois shows some similarities and some differences. In fact, 

the correlation between the U.S. and Illinois temperature pattern is +0.8. One significant 

difference is that the magnitudes of the temperature changes were larger for Illinois dur¬ 

ing the two distinct periods of 1895-1939 and 1940-1970 periods. The early warming was 

0.9°C for Illinois, compared to 0.7°C for the U.S. The cooling was 0.8°C in Illinois, 

compared to 0.4°C for the U.S. The most recent period of warming in Illinois was 0.8°C, 

compared to 0.9°C for the U.S. The slopes of the linear regression for the periods 1895- 

1939 and 1940-1970 were statistically significant at 0=0.05. The slope for the period 

1971-2002 was slightly less significant with a p-value of 0.067. Linear regression over 

the period of record for Illinois indicates a 0.15°C warming over the last 108 years (not 

statistically significant). This was less than the 0.4°C warming for the U.S. because the 

warming since 1970 was not been as strong as at the national level. 

In addition, the Illinois annual mean temperature departures of the past 20 years are still 

only comparable to the warm period from the 1930s to the 1950s and not in the category 

of unprecedented climate change for the state. In fact, the mean temperature for the 1981- 

2002 period was not statistically different from the 1930-1960 period using a t-test. 

Monthly/Seasonal Variability and Changes - Illinois 

Many climate-related activities are more sensitive to changes in temperature during cer¬ 

tain times of the year rather than the year as a whole. For example, com and soybean 

crops could be harmed by warmer summers while consumers might benefit from warmer 

winter temperatures due to less heating demand. 

Before examining changes in monthly temperatures in Illinois, it is important to note an 

important feature of Illinois temperatures. While temperatures are lowest in winter and 

highest in summer (Table 1), the variability about the mean is about twice as large in 

winter as it is in summer. In other words, it is more common for a January of a particular 

year to be 2°C above or below average than it is for July to be 2°C above or below aver¬ 

age. This higher cold-season variability applies to a variety of time scales from year-to- 

year variability to decadal changes. As will be shown, the temperature variability and 

trends in colder months tend to be much larger than in the warmer months. 

Table 2 summarizes the Illinois monthly temperature trends, determined from linear 

regression, for the three periods originally found in the annual time series for Illinois in 
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Figure 2. In the 1895-1939 period, the warming occurred in nine of the 12 months. No 

change occurred in November while the spring months of April and May showed a slight 

cooling. The strongest warming occurred in February. A statistically significant increase 

also occurred in July. In the period of annual cooling across Illinois, 1940-1970, a major¬ 

ity of months showed cooling except for slight warming in the spring months of April 

and May and the autumn month of November. The cooling in January was statistically 

significant. In general, the pattern was consistent between these two periods with winter, 

summer, and autumn mostly reflecting the changes in the annual average temperatures. 

Spring showed a reverse pattern to the annual average temperatures. However, the 

warming of the last period, 1971-2002, showed a warming during the periods of Novem¬ 

ber to February and April to August. In all three periods since 1895, the changes in Feb¬ 

ruary were some of the largest of any month. 

Figure 3 shows the seasonal temperature departure since 1895. Winter (defined as 

December, January, and February) shows interannual temperature variations that are the 

largest of all four seasons. In addition, the pattern of long-term change is similar in direc¬ 

tion to the annual temperature time series for Illinois: a 2.2°C warming trend for 1895- 

1939, a cooling trend of 1.8°C for 1940-1970, and a warming trend of 2.4°C for 1971- 

2002. Smaller year-to-year variability is evident in spring (March-May) with no discem- 

able long-term changes. In summer (June-August), a small warming of 0.8°C occurred 

for 1895-1939, a 0.9°C cooling for 1940-1970, and a warming of 0.4°C for 1971-2002. 

These were much smaller than in winter and resulted in no linear trend over the 1895- 

2002 period. The 1930s and 1950s stand out as being the warmest decades in the record. 

Another noteworthy feature is the much reduced variability in summer temperatures 

during the 1960s and 1970s. Fall (September-November), similar to spring, showed no 

long-term changes. 

The findings identified by Figure 3 reveal that most of the temporal pattern in the annual 

average temperature for Illinois (Figure 2b) comes from winter with lesser contributions 

from summer and virtually none from spring and fall. 

Because most of the temperature changes occurred in the winter months, a closer exami¬ 

nation of each winter month is warranted. Figure 4 shows the monthly temperature 

departures in Illinois for December, January, and February. December temperatures 

showed small changes over time (Table 2). However, the last 40 years in December have 

seen four of the sharpest departures on the cold side of average since 1895. 

For January, the period from 1900 to the mid-1950s were warmer than average, cooling 

to near-average conditions until the cold January’s of the late 1970s. Linear regression 

gives a warming of 1.3 °C for 1895-1939 and a 2.2°C cooling for 1940-1970. The tem¬ 

perature warmed again in the last 32 years of the record, yielding a warming of 3.5°C for 

1971-2002. All the years of above-average temperature early in the record resulted in a 

net cooling of 1.3°C over 1895-2002 for January. 

February showed the most remarkable changes of any month in Illinois. The period 

before 1940 showed a rapid warming of about 1°C per decade (a 4.6°C increase for 1895- 

1939). This was followed by a 0.5°C per decade cooling through 1970 (a 1.7°C cooling 

for 1940-1970). Finally, the last 32 years of the record have seen a warming of 1.2°C per 
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decade (a 3.8°C warming for 1971-2002). However, February 2003 was below-average 

for the first time since 1994. Overall, February experienced a linear trend of 2.2°C over 

the 1895 to 2002 period. 

The conditions leading to changes in winter temperature appear to have impacted snow¬ 

fall in Illinois as well. Figure 5 shows the statewide average snowfall from the winter of 

1901-02 to 2002-2003, based on cooperative weather sites with reliable snowfall records, 

ranging from an average of 50 sites before 1948 and 125 sites after 1948. The lower snow 

amounts from 1920 to 1960 generally correspond to warmer-than-average winter tem¬ 

peratures in Figure 3. The higher snowfall amounts from 1960 to 1985 occurred during a 

period of below-average winter temperatures. The period since 1985 is marked by lower 

snowfall amounts, similar in magnitude to the earlier 1920-1960 period. This recent 

downturn in snowfall matches the rapid increase in winter temperatures, particularly in 

February. State-wide February snowfall dropped in half from the 1980s to the 1990s (15 

cm to 7.5 cm). 

Not only does snowfall respond to winter temperatures but it is possible that snowfall acts 

as a feedback mechanism because snow cover can result in cooler night-time tempera¬ 

tures. An analysis of historical data for Champaign/Urbana, Illinois, show that night-time 

temperatures are 5.4 times more likely to drop below -18°C (0°F) with snow cover than 

without. Daytime temperatures can be lower as well with snow cover due to the high 

albedo of snow. 

DISCUSSION 

There is general agreement within the scientific community that significant increase in 

annual mean temperature occurred in the U.S. prior to 1940, that significant cooling 

occurred from the 1940s to the 1970s, and that the annual mean temperature increased 

further in the last 20-30 years of the record. In a recent report, the National Research 

Council (2001) states that the reasons for this pattern of United States temperature change 

are not clear. It is possible that the warming through 1940 and subsequent cooling 

through the 1970s were of natural origin. Possible mechanisms include changes in ocean 

circulation or variations in either solar luminosity or the frequency of major volcanic 

emissions. Considering that the core of the cooling in the mid-201 century occurred in the 

eastern U.S., a possible explanation was the high level of sulfate aerosols due to the 

burning of high sulfur coal during this time. They state that “a casual linkage between the 

buildup of greenhouse gasses in the atmosphere and the observed climate changes in the 

20th century cannot be unequivocally established.” The issue remains unresolved because 

of the level of natural variability in the climate system, the relatively short record of cli¬ 

mate change, and the difficulty of climate models to simulate the climate of the past cen¬ 

tury. 

Most of the changes in temperature since 1895 in Illinois are the result of very large 

changes in February, followed by similar changes in January. However, it is unusual for 

known climate mechanisms to operate so intensely and consistently on such a short time 

scale (one to two months) even in winter. For example, El Nino impacts in the Midwest 

include a moderation of winter-time temperatures. Nevertheless, their frequency and 

intensity in the 20th century show no discernible changes that would match the patterns 



108 

found in Illinois. In any event, the recent warming in January and February has moder¬ 

ated the winter season in Illinois in recent years. 

CONCLUSIONS 

The purpose of this paper is to identify changes in annual, seasonal, and monthly tem¬ 

peratures since 1895, exclusively for Illinois, for use by climate-sensitive decision-mak¬ 

ers. By examining the historical records we can better understand the climate we have 

experienced and better prepare us for any future changes in climate. 

The annual temperature in Illinois generally reflects the annual temperature for the U.S. 

with warming through 1940, cooling through the 1970s, and a return to warming after¬ 

wards. However, the magnitudes are different. The early warming was 0.9°C for Illinois, 

compared to 0.7°C for the U.S. The cooling was 0.8°C in Illinois, compared to 0.4°C for 

the U.S. The period of recent warming in Illinois was 0.8°C, smaller than the 0.9°C 

warming for the U.S. As a result of alternating periods of warming and cooling, the linear 

trend over the last 108 years for Illinois was 0.15°C. 

An examination of monthly and seasonal trends reveals that most of the changes found in 

the annual temperature in Illinois are driven by changes in winter temperature. In turn, 

most of changes in winter temperature are the result of very large changes in January and 

February temperatures. For February, the period before 1940 showed a rapid warming of 

1°C per decade, followed by a 0.5°C per decade cooling through 1970. Finally, the last 

32 years of the record have seen a warming of 1.2°C per decade. The results for winter, 

and especially for January and February, are supported in the snowfall records as well. 

The results show that temperatures have changed on a decadal time scale in recent Illinois 

history. As defined in the introduction, the changes of the 20 century mean temperature 

record behaved more like climate variability than climate change because the tempera¬ 

tures shifts were not sustained over “several decades or longer” as defined by the Ameri¬ 

can Meteorological Society. Meanwhile, efforts are currently underway at the Illinois 

State Water Survey to examine temperature changes in the 19 century. Using the older 

records will help in determining how unusual the changes of the 20 century really are. 
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Table 1. Mean and standard deviations of monthly temperatures in Illinois for the period 

1895-2001. 

Month Mean Standard Deviation 

January -3.3°C (26.0°F) 3.0°C (5.4°F) 

February -1.4°C (29.4°F) 3.0°C (5.4°F) 

March 4.4°C (39.9°F) 2.6°C (4.7°F) 

April 10.9°C (51.6°F) 1.7°C (3.1°F) 

May 16.8°C (62.3°F) 1.8°C (3.3°F) 

June 22.0°C (71.6°F) 1.4°C (2.6°F) 

July 24.3°C (75.8°F) 1.2°C (2.2°F) 

August 23.2°C (73.8°F) 1.4°C (2.5°F) 

September 19.2°C (66.5°F) 1.5°C (2.7°F) 

October 12.8°C (55.0°F) 1.8°C (3.3°F) 

November 5.2°C (41.3°F) 1.9°C (3.5°F) 

December -1.1°C (30.0°F) 2.7°C (4.9°F) 

Table 2. Trends in degrees Celsius per decade of monthly temperatures for Illinois, as 

determined by linear regression. Values underlined are statistically significant 

at D=0.05. Shaded cells indicate a warming while unshaded cells indicate no 

change or a cooling. 

Month 
1895-1939 1940-1970 1971-2002 

°C per decade °C per decade °C per decade 

January 0.3 0.7 1.1 
February TO 0.5 1.2 

March 0.3 0.4 0.1 

April 0.1 0.1 0.1 

May 0.1 0.2 0.2 
June 0.1 0.2 | 0.1 

July 03 0.2 0.1 
August 0.1 0.4 0.2 
September 0.1 0.0 0.0 
October 0.1 0.5 0.1 
November 0.0 0.1 0.2 
December 0.3 0.3 0.2 
Annual 02 0.3 0.3 
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Figure 1. Stations from the U.S. Historical Climate Network (USHCN) used in this 
study. 
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Figure 2. Annual mean temperature over time for the a) contiguous US and b) Illinois. 

Temperatures are expressed as departures from the 1971-2000 average. The 

darker line is a five-year moving average centered on the year to filter out the 

smaller-scale variability in the observations. 
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Figure 3. Mean temperatures over time for Illinois for a) winter, b) spring, c) summer, 

and d) fall. Temperatures are expressed as departures from the 1971-2000 aver¬ 

age. The darker line is a five-year moving average centered on the year to filter 

out the smaller-scale variability in the observations. The winter graph includes 

data for the 2002-2003 season. 
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Figure 3. (continued) 
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Figure 4. Monthly mean temperatures for a) December, b) January, and c) February over 

time for Illinois. Temperatures are expressed as departures from the 1971-2000 

average. The darker line is a five-year moving average centered on the year to 

filter out the smaller-scale variability in the observations. The January and 

February graphs include data for 2003. 
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Figure 4. (continued) 

Figure 5. Annual total snowfall in Illinois from the winter of 1901-1902 to 2002-2003, as 

a departure of the 1971-2000 average. The darker line is a five-year moving 

average centered on the year to filter out the smaller-scale variability in the 

observations. 
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ABSTRACT 

Temporal fluctuations in precipitation across Illinois during the 20th Century are assessed. 

Regional precipitation amounts for 15-year periods were analyzed to show how the pre¬ 

cipitation has shifted both spatially and temporally in Illinois. The late 19th Century and 

early 20th Century experienced near average precipitation conditions, followed by pre¬ 

dominately dry conditions from 1913 through 1942. For example, during 1928-1942, all 

of Illinois had below average precipitation. After 30 years with near average precipitation 

from 1943 to 1972, extremely wet conditions appeared during 1973-2002, with all of the 

state experiencing above average precipitation. Extremely high and low precipitation 

values within Illinois during each 15-year period revealed temporal differences with 

much greater spatial variability during the wetter periods than during near average or dry 

periods. The state’s lowest 15-year values frequently occurred in southern Illinois, 

whereas the highest values were most common in northern Illinois. Summer rainfall 

fluctuations reflected those found in annual precipitation, revealing the importance of 

summer rainfall in determining annual amounts. The results, which reveal sequences of 

30-year periods with near average, then dry, then average, and finally wet conditions," 

should be useful in considering future precipitation conditions for hydrologic and agri¬ 

cultural planning. If the past is a predictor of the future, the 2003-2032 period should 

have near average precipitation. 

INTRODUCTION 

Fluctuations in the annual precipitation across Illinois during the 20th Century have rele¬ 

vance in hydrology, agriculture, and engineering design. The historical fluctuations offer 

perspectives on impacts of past differences on hydrologic conditions, such as runoff and 

droughts, and on crop yields. The findings also serve as guidance for future climate out¬ 

comes. Summer rainfall amounts were also examined because of their importance to 

agriculture and water resources. 

The design and operation of water management and supply systems in Illinois rely on 

precipitation information. Inputs typically include the average and extreme annual pre¬ 

cipitation values. Extremes include heavy rainfall events and prolonged multi-year wet 

periods and droughts. The time distributions of high and low precipitation occurrences 



118 

traditionally have been treated statistically as random events, and no information is avail¬ 

able on how periods with prolonged extremes may systematically shift over time. 

Recent studies found multi-decadal increases in annual precipitation across the Midwest 

since the 1940s (Karl and Knight, 1998). Huff and Angel (1990) assessed the temporal 

distribution of 1- and 2-day heavy rainfall frequencies (2-year events) in Illinois for 

1901-1940 and 1941-1980, finding 10 to 20 percent increases over time across most of 

the state. Angel and Huff (1997) examined the time distributions of 5.1-centimeter (cm) 

rain days for 1901-1994, finding 20 percent increases since the 1940s. 

Multi-year precipitation values for 105 years embracing the 20th Century for each of the 

nine climate districts in Illinois, plus those districts in adjoining states, were used to 

assess the temporal behavior of precipitation (see Fig. 1 for the district boundaries). The 

analysis was based on precipitation values for 15-year periods in each of the climate dis¬ 

tricts using precipitation data collected during 1898-2002. Precipitation conditions in the 

seven discrete 15-year periods during the 105-year period of study were analyzed begin¬ 

ning with those in 1898-1912 and ending with those in 1988-2002. The selection of 15- 

year periods as a basis for grouping the data, was based on past studies of the fluctuations 

of precipitation and temperature conditions. These revealed that 10- to 15-year periods 

dominated the cyclical behavior of the state’s precipitation (Neill, 1980; Lamb and 

Changnon, 1982; Easterling et al., 1990). Neill and Hsu (1981) performed a harmonic 

spectral analysis of historic Midwestern precipitation data for 1901-1980, and found the 

most significant wavelengths were between 10 and 18 years in length. Thus, 15-year 

periods capture the short-term cyclical behavior found in the long-term, century scale 

distribution of precipitation. 

Precipitation data assessed were the regional mean values, as determined for the nine 

climate districts in Illinois and those in adjacent states. The precipitation values in each 

climate district are an average of the data from the 20 to 25 weather stations in each dis¬ 

trict. The selection of regional values for study eliminated the large variations sometimes 

associated with data from one or two individual weather stations that can experience very 

localized heavy storms or low rainfall lasting a few years (Changnon and Huff, 1980). 

Maps based on the average annual precipitation amounts in the climate districts for the 

individual 15-year periods were developed. Each district’s 15-year precipitation value 

was expressed as a percent of the district’s 105-year average. Thus, these percentages 

measure the departures in each period from the long-term mean. Analysis of the precipi¬ 

tation patterns, based on the percentage of long-term mean values, allowed definition of 

when, where, and how much precipitation departed from average in each district and for 

the seven 15-year periods. It should be noted that a 15-year period with any class of pre¬ 

cipitation, such as near average, had a few years with precipitation that was not in that 

class. Analysis showed that in all periods at least 10 of the 15 years had amounts match¬ 

ing the category classified for the 15-year period’s total precipitation. 

PRECIPITATION DISTRIBUTION 

The average annual precipitation across Illinois has a latitudinal distribution (Fig. 1). 

Amounts are lowest in the northern districts with 86 cm, and highest in extreme southern 
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districts with 116 cm. Isohyetal lines between the extremes are oriented west-east, 

becoming closer together in southern Illinois where cold season precipitation is much 

heavier than in central and northern Illinois (Changnon, 2002). 

The annual precipitation pattern for 1898-1912 (Fig. 2a) exhibits north-to- south varia¬ 

tions. The predominate above-average areas are located in extreme southern and northern 

Illinois. Values in Table 1 reveal four Illinois districts had above average values and five 

with below average values, revealing the near average conditions for the entire state. 

District values of 100 percent or higher were classified as above average in Table 1, and 

values lower than 100 were classified as below average. The highest percentage among 

the nine climate districts was 101 percent in northwestern Illinois, and the lowest was 96 

percent in east-central Illinois, as shown in Table 1. The second 15-year period, 1913- 

1927, had district values exhibiting a north-south distribution and greater differences 

(Fig. 2b) than occurred in 1898-1912. The highest value was 104% in deep southern Illi¬ 

nois, and 97% in northeastern Illinois was the lowest, thus serving as the state’s extreme 

values (Table 1). Most of Illinois was dry with seven districts experiencing below aver¬ 

age precipitation. 

The 1928-1942 period included the severe droughts of the 1930s, and the prevailing dry¬ 

ness of the period is revealed in Figure 2c. All Illinois climate districts had values below 

the long-term average, the only 15-year period with such an extreme frequency of below 

average occurrences (Table 1). The highest district value was 98% found in the west. The 

lowest district value was 92% in southeastern Illinois. 

Precipitation during the 1943-1957 period formed a different pattern than found in previ¬ 

ous periods (Fig. 2d). The lowest percentages were in the west, and the highest was in the 

south. Considerable spatial variability exists in the period’s precipitation pattern, as 

revealed in the range of the extreme district values (Table 1). The highest was 104% and 

the lowest was 96%, an 8% difference. Four districts had above average values and five 

were below average, reflecting the impacts of the severe droughts in western Illinois 

during the 1950s. 

The precipitation pattern for 1958-1972 (Fig. 2e) shows that the northern half of Illinois 

had values above average. In contrast, the southwest district experienced only 95% of 

average and precipitation in all of southern Illinois was below average. The highest dis¬ 

trict departure in this period was 106% in the northwest district. Again, more districts had 

below average than districts with above average values (Table 1). 

The 1973-1987 period represented a shift to widespread wet conditions. All nine climate 

districts had above average values (Fig. 2f). This period was the opposite of the dry 1928- 

1942 period. The highest departure was 111% in northeast Illinois, the highest departure 

found during the 105-year period. The lowest district value was 103% in southwestern 

Illinois (Table 1). Areas with the greatest positive precipitation departures were in the 

northern half of the state. Streamflows and floods have also increased significantly in this 

area over time (Changnon and Kunkel, 1995). 

The 1988-2002 period (Fig. 2g) also had all nine districts with above average annual 

precipitation, continuing the wet trend of 1973-1987. The greatest positive departure was 



120 

107% in the northwest district. The state’s lowest district value was 102% and it occurred 

in southern Illinois. The century’s last two wet periods, coupled with a dry 1928-1942 

period, reveals why investigators have found upward time trends in annual precipitation 

since the 1930s (Karl and Knight, 1998). 

Temporal Fluctuations 
One measure of the fluctuations in the annual precipitation conditions over time are dis¬ 

played on Figure 3. The state’s maximum and minimum district values for each of the 

seven 15-year periods reveal major temporal fluctuations from 1898 to 2002. The state¬ 

wide average percentage values are 100% or less for the first four periods from 1898 to 

1957. Thereafter, the values are above average through 2002. This dry-to-wet sequence is 

further revealed in Figure 4, which is based on the number of climate districts with above 

or below average precipitation. The temporal distributions of these values indicates Illi¬ 

nois had four distinct eras: 1) near average for 1898-1912, 2) dry conditions from 1913 to 

1942, 3) near average conditions from 1943 to 1972, and 4) above average from 1973 to 

2002. Precipitation values for 1901-1995 at 12 Illinois stations scattered around the state 

showed varying temporal differences (Changnon et al., 1997). Most stations in the north¬ 

ern half of Illinois had increases over time, although two had slight decreases, and most 

stations in southern Illinois displayed no up or down trends over time. These station-to- 

station trend differences result from localized shifts and reveal why it is important to use 

regional mean values for assessing major temporal differences. 

The temporal distribution of summer (June-August) rainfall values were examined 

because of the importance of the season’s rainfall to Illinois agriculture and water 

resources. Summer rainfall is typically the heaviest of that of the four climate seasons. 

The district summer values were expressed as a percent of their 105-year averages, as 

done with the annual values, and their distribution based on the 15-year periods is shown 

in Figure 5. The number of districts with below average amounts dominates from 1898 to 

1942, shifting to more districts with above average values from 1958 to 2002. This distri¬ 

bution is very similar to that of the annual values (Fig. 4), illustrating the importance of 

summer rainfall in determining the annual amounts. The upward trend in summer rainfall 

agreed with other findings. A study of growing season (May-August) precipitation and 

corn yields in Illinois during the 1901-1997 period found good yield seasons based on 

adequate rainfall occurred only 2 to 3 times per decade during 1921-1950, but the fre¬ 

quency shifted to 5 to 6 good yield seasons for the 1971-1997 period (Changnon and 

Winstanley, 1999). 

SUMMARY AND CONCLUSIONS 

The 105-year period encompassing the 20th Century sampled a wide range of annual pre¬ 

cipitation conditions across Illinois, and three types of conditions occurred. The first 15- 

year period, 1898-1912, had near-average precipitation, with minor spatial variability 

across the state. In the next two periods, 1913-1927 and 1928-1942, below average pre¬ 

cipitation conditions prevailed, and considerable spatial variability was evident. The 

fourth and fifth periods, 1943-1957 and 1958-1972, had near- average precipitation con¬ 

ditions. The last two periods encompassing 1973-2002 experienced above average pre¬ 

cipitation. Precipitation values in both 1973-1987 and 1988-2002 exhibited greater spatial 

variability than occurred in any other periods. 
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The seven-period sequence was as follows: a near-average period followed by two below 

average periods, two more near-average periods, and two above average periods. It is 

important that the three types of precipitation periods since 1912 each lasted 30 years. 

There were too few weather stations operating during 1882-1897 to determine reliable 

values for the nine Illinois climate districts, but a reliable statewide average could be 

calculated. It was 101% of the long-term average and hence similar to the amount in 

1898-1912 (Fig. 3). When coupled to 1898-1912, this formed a 30-year period of near¬ 

average precipitation. This finding, which involves persistence of given levels of pre¬ 

cipitation conditions for approximately 30 years, followed by a shift to another regime 

also lasting about 30 years is useful information for assessing possible future precipita¬ 

tion outcomes. The 30-year wet period ended in 2002, and the past sequences suggest that 

the next 30 years, 2003-2032, will likely experience near-average precipitation. 

The 1898-2002 distribution of precipitation conditions in Illinois also reveals why vari¬ 

ous recent studies of total precipitation, heavy rainfall events, and streamflow have all 

detected upward trends beginning during the 1920s and 1930s. During the 1928-1942 

period, all of the nine climate districts had below average precipitation, followed by a 

balance between above and below average conditions during 1943-1972, and then a high 

frequency (all nine districts) with above average precipitation conditions during 1973- 

1987 and 1988-2002. The dry, to near average, to above average shifts from 1913 to 2002 

reflect the upward trend for heavier Midwestern precipitation conditions found to have 

begun in the 1920s (Karl and Knight, 1998; Kunkel et al., 1993). 

Annual precipitation values, expressed as a percent of the long-term averages, displayed 

varying extremes over time. Extremely high and low climate district values sampled in 

the three earliest periods differed by 7% or less, whereas extreme values in the wetter 

periods differed by 8 to 11%. This illustrates that the temporal shift to greater precipita¬ 

tion was also associated with a shift to greater spatial variability across Illinois. 

Locations where the state’s extreme district values occurred in each 15-year period 

revealed regional preferences. In four of the seven periods the state’s lowest departures 

occurred in southern Illinois, with two in central Illinois, and in only one period did the 

lowest statewide value occur in northern Illinois. The greatest departures above average 

in the seven periods were also distributed in various parts of Illinois. In three periods the 

state’s highest values were in the northwest, one in the northeast, and three in southern 

Illinois. The 105-year results reveal that the state’s extreme values for a 15-year period 

seldom occurred in central Illinois. 

Comparison of the number of districts with above and below average amounts in each 

period, based on the annual precipitation and summer rainfall for the seven 15-year peri¬ 

ods, revealed strong temporal agreement in all periods. This helps reveal the considerable 

impact of summer rainfall distribution in Illinois on the state’s annual precipitation val¬ 

ues. 
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Table 1. Annual precipitation conditions during 1898-2002 for the nine climate districts 

in Illinois. 

Number of districts Extreme district values, percent 

Period Above average Below average Maximum Minimum 

1898-1912 4 5 101 96 

1913-1927 2 7 104 97 

1928-1942 0 9 98 92 

1943-1957 4 5 104 96 

1958-1972 4 5 106 95 

1973-1987 9 0 111 103 

1988-2002 9 0 107 102 
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Figure 1. Pattern based on the average annual precipitation (cm) for the 1898-2002 

period. The climate districts are outlined by the light lines. 
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Figure 2. Patterns based on the percent of average annual precipitation in each climate 

district during the seven 15-year periods between 1898 and 2002. 
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Figure 3. The temporal distribution of the maximum and minimum climate district values 

in each 15-year period, expressed as a percent of the 105-year district averages, 

and the statewide average percentage values for Illinois. 
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4. The temporal distribution of the number of Illinois climate districts with above 

and below average annual precipitation values for each 15-year period, 1898- 

2002. 
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Figure 5. The temporal distribution of the number of Illinois climate districts with above 

and below average summer rainfall values for each 15-year period, 1898-2002. 
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ABSTRACT 

Reproductive tissue was examined from museum specimens of Thamnophis eques from 

Mexico. This species of garter snake appears to follow a seasonal reproductive cycle in 

which spermiogenesis begins in summer and ends in autumn. Thamnophis eques starts 

enlargement of ovarian follicles in autumn whereas other species of garter snakes delay 

this until spring. Thamnophis eques females with oviducal eggs or developing embryos 

were found May-July. Mean litter size (n = 6) was 8.0 ± 2.3 SD, range: 6-12. Young 

appear June-August. 

INTRODUCTION 

The Mexican garter snake, Thamnophis eques ranges from central Arizona and south¬ 

western New Mexico south to Veracruz, Mexico (Stebbins, 2003). Information on repro¬ 

duction of T. eques is available in a number of papers (Degenhardt et al., 1996; Ernst and 

Ernst, 2003; Macias Garcia and Drummond, 1988; Ramirez-Bautista et al., 1995; Rosen 

and Schwalbe, 1988; Rossman et al., 1996; Manjarrez, 1998; Conant, 2003). The purpose 

of this paper is to present information on reproduction in T. eques from a histological 

examination of museum specimens collected in Mexico. The first information on the 

timing of the testicular cycle is given. 

MATERIALS AND METHODS 

A sample of 55 specimens of Thamnophis eques (20 males) mean snout-vent length, SVL 

= 455.4 mm ± 62 SD, range: 350-590 mm; (21 females) mean SVL = 504.2 mm ± 70 SD, 

range: 403-666 mm; (14 juveniles) mean SVL = 166.5 mm ± 12 SD, range: 150-188 mm 

from Mexico was examined from the herpetology collections of the Natural History 

Museum of Los Angeles County, (LACM), Los Angeles, California and the University of 

Arizona, (UAZ), Tucson, Arizona (Appendix). The left testis and vas deferens were 

removed from males; the left ovary was removed from females for histological examina¬ 

tion. Tissues were embedded in paraffin and cut into sections at 5 pm. Slides were 

stained with Harris' hematoxylin followed by eosin counterstain. Slides of testes were 

examined to determine the stage of the male cycle; slides of ovaries were examined for 
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the presence of yolk deposition (secondary yolk deposition sensu Aldridge, 1979). 

Enlarged ovarian follicles (> 6 mm length) or oviducal eggs were counted and not sec¬ 

tioned. An unpaired r-test was used to compare male and female mean body sizes 

(SVL's). 

RESULTS AND DISCUSSION 

Testicular histology was similar to that reported by Goldberg and Parker (1975) for two 

species of colubrid snakes, Masticophis taeniatus and Pituophis catenifer. In the 

regressed testis, seminiferous tubules contained mainly spermatogonia and Sertoli cells. 

In testes undergoing recrudescence there was a proliferation of germ cells including 

spermatogonia, primary and secondary spermatocytes. Occasionally, small numbers of 

spermatids were present. In spermiogenesis, metamorphosing spermatids and mature 

sperm were present. Males undergoing spermiogenesis were found June to September 

(Table 1). Males with testes in recrudescence were found in May and June. Three males 

with regressed testes were found in September. The smallest mature male (UAZ 34755, 

spermiogenesis in progress) measured 360 mm SVL. Because males in recrudescence 

were found in May and June and spermiogenesis ends in September, spermatogenesis in 

T. eques appeared to fit the "aestival spermatogenesis" of Saint Girons (1982). The tes¬ 

ticular cycle of T. eques appears similar to those of Thamnophis cyrtopsis and Tharnno- 

phis rufipunctatus (Goldberg, 1998, 2003) in which males undergoing spermiogenesis 

were also found during the summer months. Sperm was present in the vasa deferentia 

during May-September indicating T. eques has the potential to breed during this time 

period. Rosen and Schwalbe (1988) reported that courtship and mating have not been 

observed in T. eques from Arizona, however high male activity levels in September along 

with the onset of follicular enlargement indicate mating occurs in autumn. A pair of cap¬ 

tive T. eques mated in fall and spring (Degenhardt et al.,1996). 

Female T. eques were significantly larger than males (t = 2.4, df = 39, P = 0.02) as was 

reported by Degenhardt et al. (1996) in New Mexico. The smallest reproductively active 

female (UAZ 34179, oviducal eggs present) measured 460 mm SVL. This size is smaller 

than the 550-700 mm SVL at which female T. eques start reproduction in Arizona (Rosen 

and Schwalbe, 1988). Mean litter size for six females was 8.0 ± 2.3 SD, range: 6-12. This 

is within the range of 4-26 in Ernst and Ernst (2003) and 5-36 in Conant (2003). Mean 

litter size for twelve female T. eques from Toluca, Mexico was 10.8 ± 2.9 SD, range = 6- 

17; there was a significant positive correlation between female body size and number of 

offspring (Manjarrez, 1998). Females with oviducal eggs or developing embryos were 

found May-July (Table 2). Conant (2003) reported gravid T. eques from July and August. 

The one female undergoing early yolk deposition (secondary yolk deposition sensu Ald¬ 

ridge 1979) was found in May (Table 2). Females with enlarged follicles for next year's 

litters were found in September and December. This supports the statement of Rosen and 

Schwalbe (1988) that follicular enlargement begins in autumn for next year's litter. 

Thamnophis eques therefore differs from other species of Thamnophis in which females 

enter hibernation with small, previtellogenic ovarian follicles (Rossman et al. 1996). By 

starting follicular enlargement in autumn, young T. eques can presumably complete 

development earlier in the summer and have a longer period to feed and grow. The ovar¬ 

ian cycle of the congener T. cyrtopsis differs as enlarged ovarian follicles were not found 

in autumn (Goldberg, 1998). 
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Rosen and Schwalbe (1988) reported that in Arizona young are born from very early June 

to early July and two broods of neonates averaged 137 mm ± 4 SD and 194 mm ± 8 SD 

in SVL. Three newborn T. eques measured between 150-203 mm SVL (Degenhardt et al. 

1996). Fourteen neonates collected 16 June-13 August from Mexico had a mean SVL of 

167 mm ± 12.2 SD, range =150-188. The exact time of parturition is unknown although 

Thamnophis eques females from Toluca, Mexico state, Mexico gave birth gave in the 

laboratory birth between 30 April and 2 November (Manjarrez, 1998). Conant (2003) 

observed neonates during July 1959 in Jalisco; young were born in captivity July- 

November. 

Rosen and Schwalbe (1988) reported only half of T. eques females from southern Ari¬ 

zona produce young each year. The presence of 5/7 (71%) non-reproductive T. eques 

females in June (Table 2) when other females are gravid suggests that not all females 

bear litters each year. Macias Garcia and Drummond (1988) similarly found this to be the 

case for T. eques females from Hidalgo, Mexico. 
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APPENDIX 

Thamnophis eques from Mexico examined from the herpetology collections of the Natu¬ 

ral History Museum of Los Angeles County (LACM) and The University of Arizona 

(UAZ). 

CHIHUAHUA (LACM 75675, 21418; UAZ 26815, 26836, 30925, 31255-31257, 34118, 

34121-34123, 34125, 34127, 34128, 34150, 34151, 34153, 34156, 34179, 34181, 34182, 

34186, 34187, 34431, 34432, 35009, 35010, 35243-35245, 35247, 35248, 35921, 36299). 

DURANGO (LACM 51624, 51626, 51627, 104187, 104188, 104190-104194; UAZ 

26814, 26816, 26912). JALISCO (LACM 37350, 37351; UAZ 34755). MICHOACAN 

(UAZ 26808). SONORA (UAZ 26837, 38863). ZACATECAS (UAZ 26811). 
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Table 1. Monthly distribution of conditions in seasonal testicular cycle of Thamnophis 

eques from Mexico. Values shown are the numbers of males exhibiting each of 

the three conditions. 

Month N Regression Recrudescence Spermiogenesis 

May 2 0 2 0 

June 6 0 2 4 

July 4 0 0 4 

August 3 0 0 3 

September 5 3 0 2 

Table 2. Monthly distribution of conditions in seasonal ovarian cycle of Thamnophis 

eques from Mexico. Values shown are the numbers of females exhibiting each 

of the four conditions. 

Month N Inactive Early yolk 

deposition 

Enlarged 

follicles 

(> 6 mm 

length) 

Oviducal eggs or 

developing embryos 

May 2 0 1 0 1* 

June 7 5 0 0 2 

July 4 2 0 0 2 

August 2 2 0 0 0 

September 4 3 0 1 0 
December 2 1 0 1 0 

*damaged oviducal eggs could not be counted. 
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ABSTRACT 

Fifteen-minute point counts were used to sample bird communities within and adjacent to 

a 6-ha site at the 169-ha Revis Hill Prairie Nature Preserve, in Mason County, central 

Illinois. In 1994 and 1995, the study site was dominated by shrublands (primarily 

Maclura pomifera, Crataegus spp., Cornus spp., and Gleditsia triacanthos) surrounded 

by second-growth woodland. Counts were repeated in 2001 and 2002 after 3 ha of shrub- 

land had been restored to tallgrass prairie (dominated by Andropogon gerardi, Sorghas- 

trum nutans, and Solidago canadensis). For all years, 43 bird species were recorded and 

categorized as grassland (5), shrubland (12), or woodland (26) species. The Brown¬ 

headed Cowbird (Molothrus ater) was the most numerous species. An Index of Similarity 

comparing bird communities among all years ranged from 0.70 to 0.80, indicating a con¬ 

sistent similarity among pre- and post-restoration bird communities, both of which were 

dominated by birds characterized as woodland and shrubland species. Birds detected by 

sight alone indicated few species, other than the American Goldfinch (Carduelis tristis) 

and Common Yellowthroat (Geothlypis trie has), actually seemed to use the prairie res¬ 

toration. Because true grassland birds tend to require large blocks of habitat, this small 

prairie restoration provides inadequate grassland breeding habitat. Resource managers 

should consider such effects during the planning phases of small restoration projects, 

especially if their goals are to serve more than botanical interests. 

INTRODUCTION 

Planning for restoration management of altered natural communities typically emphasizes 

mature community types such as tallgrass prairie or closed-canopy forest (Schwartz 1997, 

Askins 1998). Probably because vegetation characteristics are important defining factors 

used in classifying natural communities (White 1978), the ecological condition of the 

plant community alone is often used to determine the “value” of a particular site. Transi¬ 

tory or disturbed communities such as shrublands are typically not viewed by resource 

managers or the public as valuable (Bowler 1992) and are often the first habitat types to 

be removed during restoration projects. 

Shrublands, however, provide essential habitats for an assemblage of bird species not 

found in or much less common in grasslands or forests. And many shrubland species 
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have been declining in recent years, mostly due to habitat losses (Askins 1998, Pardieck 

and Sauer 2000). The purpose of this study was to document changes in the bird commu¬ 

nity of a 6-ha shrubland and adjacent woodlands after 3 ha of shrublands were restored to 

tallgrass prairie. 

STUDY AREA AND METHODS 

This study was conducted within and adjacent to a 6-ha site located within the 169-ha 

Revis Hill Prairie Nature Preserve, Mason County, Illinois (Section 26, T20N R7W of the 

3rd PM). In 1994 and 1995, when the initial bird surveys were made, the 6-ha shrubland 

site was mostly surrounded by young to mature second-growth timber, with a 50-ha pas¬ 

ture adjacent to the northeast corner of the study area beyond a narrow line of trees. 

Shrublands were dominated by honey locust (Gleditsia triacanthos), Osage orange 

(Maclura pomifera), hawthorn (Crataegus spp.), and dogwood (Cornus spp.). Ground- 

cover was mostly a mixture of cool-season grasses and Canada goldenrod (Solidago 

canadensis). 

By 2001, about 3 ha of shrubland within the original study site had been restored to tall¬ 

grass prairie dominated by big bluestem (Andropogon gerardi), Indian grass (Sorghas- 

trum nutans), and Canada goldenrod (S. canadensis). Other prairie forbs were also pre¬ 

sent to a lesser degree, and some woody re-invasion was beginning to occur. 

Between 20 May and 18 June in 1994, 1995, 2001, and 2002 on four sample dates per 

year, 15-minute point counts were conducted between 0600 and 0655 at two locations, 

separated from each other by about 200 m, within the 6-ha study area. Birds were 

recorded from an unlimited distance (Gibbons et al. 1996), except in the direction of the 

other point-count location, where birds detected beyond 100 m were not recorded. 

Bird counts from both point-count locations were summed for each species on each sam¬ 

ple date. Because the bird community as a whole was the unit of interest, an Index of 

Similarity, defined as such in Bond (1957), was used to compare bird communities 

among years; these calculations used only the maximum count for each species from each 

of four sample dates for each year. Maximum counts were used under the assumption that 

this number provided an index to the actual number of breeding individuals for a species 

on the site. 

RESULTS AND DISCUSSION 

Forty-three species were recorded over the entire study and categorized as grassland (5 ), 

shrubland (12), or woodland (26) species based on habitat preferences described in Ehr¬ 

lich et al. (1988) (Table 1). Four species were only present in pre-restoration surveys 

(Table 1). Ten species were only present in post-restoration surveys (Table 1). Even so, 

the number of individuals and species recorded were quite similar in the pre- and post¬ 

restoration study areas. 

The Index of Similarity (Whittaker 1952, Bond 1957) comparing all years ranged from 

0.70 to 0.80 (Table 2), indicating a consistent similarity of bird communities among 

years. In fact, counts of common species such as the Tufted Titmouse, Northern Cardinal, 
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and Indigo Bunting varied little among years (Table 1). Ability to detect birds visually at 

the woodland interface improved from pre- to post-restoration surveys, and this could 

have resulted in more species or individuals counted in some cases (Table 1). It should be 

considered that this study suffers from small sample sizes and lack of replication. 

Many true grassland birds (those species rarely found in other habitats) require large 

areas of habitat (e.g., 75 ha for the Henslow’s Sparrow [Ammodramus hen- 

s/ovW/])(Herkert 1994, Walk and Warner 1999), and actually may avoid small grasslands, 

especially those with wooded boundaries or brushy areas within the grasslands (O’Leary 

and Nyberg 2000). Kobal et al. (1999), however, provided evidence that plant species 

composition of grasslands is also a factor in habitat choice. Species requiring large con¬ 

tiguous prairie habitats were not counted during pre- or post-restoration surveys. 

Askins (1998) and Robinson et al. (1999) reported that many shrubland birds, in contrast, 

occupy both large and small areas of suitable habitat. Though not discernable from data 

presented in Table 1, during pre-restoration surveys, a variety of shrubland species were 

often sighted using shrubland habitats throughout the 3-ha focus area. This may be con¬ 

trasted with post-restoration surveys, where few species, except for the Common Yel- 

lowthroat and American Goldfinch, were seen actually using the restored tallgrass prairie 

habitats; most individuals observed in post-restoration surveys were in woodland edge 

habitats (i.e., shrubland-like) along the prairie margins or flying across the prairie en 

route to woodland edges. 

During the planning phases of small restoration projects, resource managers should con¬ 

sider that true grassland birds will not likely be attracted to small prairie habitats. 

Restoring small shrubland areas, in contrast, can serve both botanical and avian interests. 
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Table 1. Bird Counts at a shrubland-to-prairie restoration site at Revis Hill Prairie 

Nature Preserve, Mason Co., Illinois. Two 15-min point counts were conducted 

on four dates per year between 20 May and 18 June. 

Maximum Count Per Year 
Species 1994 1995 2001 2002 

Woodland-Interior-Edge 
Cooper’s Hawk (Accipiter cooperii) 1 
Northern Bobwhite (Colinus virginianus) 1 1 3 
Mourning Dove (Zenaida macroura) 6 4 2 2 
Yellow-billed Cuckoo (Coccyzus americanus) 2 2 3 2 
Northern Flicker (Colaptes auratus) 1 1 
Red-bellied Woodpecker (Melanerpes carolinus) 5 4 4 6 
Downy Woodpecker (Picoides pubescens) 1 2 2 1 
Eastern Wood-Pewee (Contopus virens) 1 2 
Great Crested Flycatcher {Myiarchus crinitus) 3 2 5 3 
Eastern Kingbird (Tyrannus tyrannus) 2 
Red-eyed Vireo (Vireo olivaceus) 3 1 3 3 
Yellow-throated Vireo (Vireo flavifrons) 1 
Blue Jay (Cyanocitta cristata) 7 7 5 5 
American Crow(Corvus brachyrhynchos) 3 2 3 3 
Black-capped Chickadee (Poecile atricapilla) 1 1 2 
Tufted Titmouse (.Baeolophus bicolor) 4 4 4 4 
White-breasted Nuthatch (Sitta carolinensis) 1 1 2 
Blue-gray Gnatcatcher (Polioptila caerulea) 1 1 
American Robin (Turdus migratorius) 1 3 
Wood Thrush (Hylocichla mustelina) 2 1 2 2 
Cedar Wax wing (Bomby cilia cedrorum) 1 3 
Scarlet Tanager (Piranga olivacea) 1 2 2 
Northern Cardinal (Cardinalis cardinalis) 4 5 5 5 
Rose-breasted Grosbeak (Pheucticus ludovicianus) 1 1 4 1 

Baltimore Oriole (Icterus galbula) 2 1 
European Starling (Sturnus vulgaris) 1 

Number of Species/Individuals 17/46 15/40 21/53 23/57 

Shrubland 
Willow Flycatcher (Empidonax traillii) 1 1 

White-eyed Vireo (Vireo griseus) 2 
Northern Mockingbird {Mimus polyglottos) 1 
Brown Thrasher (Toxostoma rufum) 1 2 3 

Gray Catbird (Dumetella carolinensis) 2 2 

Blue-winged Warbler (Vermivora pinus) 1 

Common Yellowthroat (Geothlypis trichas) 5 3 6 6 

Yellow-breasted Chat (Icteria virens) 1 

Eastern Towhee (Pipilo erythrophthalmus) 5 3 5 4 

Field Sparrow (Spizella pusilla) 5 6 7 5 

Indigo Bunting (Passerina cyanea) 6 6 6 8 

American Goldfinch (Carduelis tristis) 4 2 5 5 

Number of Species/Individuals 7/27 9/27 7/32 8/33 

Grassland 
Ring-necked Pheasant (Phasianus colchicus) 4 3 2 1 

Dickcissel(S/?/za americana) 2 

Eastern Meadowlark (Sturnella magna) 1 2 2 3 

Brown-headed Cowbird (Molothrus ater) 10 12 9 8 

Red-winged Blackbird (Agelaius phoeniceus) 2 1 2 

Number of Species/Individuals 3/15 5/21 4/14 4/14 
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Table 2. Index of Similarity (Bond 1957) calculated using maximum counts (as shown 

in Table 1) from four sampling dates per year (values from both point counts 

summed) for each species for each year. 

1994 1995 2001 

1994 
.-... 

1995 0.78 
2001 0.79 0.73 
2002 0.76 0.70 0.80 
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BOOK REVIEW 2004 - #2 

Barnes, R.F., C.J. Nelson, M. Collins and K.J. Moore (Editorial Authors). Forages, Vol¬ 

ume I: An introduction to grassland agriculture. Sixth Edition. 2003. xixi + 556 pages; 

tables; figures; photographs; compendium of common forages; literature cited; appendix 

with common and Latin plant names; glossary; index. Iowa State Press, Ames, Iowa. 

ISBN: 0-8138-0421-3. Hard Cover. Price: $79.99. Available from Iowa State Press, 2121 

State Avenue, Ames, Iowa 50014-8300 

Forages are defined as “edible parts of plants, other than separated grain, that provide 

feed for animals, or can be harvested for feeding.” Forages are an integral part of sustain¬ 

able agriculture contributing significantly to our national economy. Grasslands comprise 

more than half the land area in the United States. In the Great Plains alone, 63% of the 

area is in grazing lands. Forages serve as a major food source for both livestock and wild 

animals, contribute to soil erosion control, improve soil structure and fertility, contribute 

to water conservation, provide places for outdoor recreation and pleasure, and may play 

an increasing role in biomass production for conversion to energy as a renewable 

resource. As the authors state, “A sound national grassland philosophy must be supported 

by government policies. This book provides a technical foundation for sound and rational 

decision making.” 

The book is divided into three main sections. The first section (“Part I”) begins in chapter 

one with a thorough and interesting history on the uses of forages and how their utiliza¬ 

tion has influenced humanity. Subsequently, this section continues with nine chapters on 

structural and morphological features of grasses, legumes and forbs, physiological char¬ 

acteristics of forage plants, environmental influences of forage management, and names 

of grasses and legumes recommended for both northern and southern climates. 

“Forage Management” is the theme of the second section (“Part II”). This section of five 

chapters begins with the establishment of forage plants followed by the management of 

forage crops with respect to fertilization and nutrients. The next chapter provides ample 

coverage of integrated pest management principles for forages. Following is a noteworthy 

discussion about the plant associations that exist in naturalized grasslands. In addition, 

the discussion treats the interaction of chemical, physical and biological factors that help 

determine species composition, productivity and the dynamics of naturalized grassland 

ecosystems. Management of naturalized grassland ecosystems is covered in this chapter 

as well. In addition to seed production, the final chapter of this section includes ways to 

improve important characteristics of forage plants with respect to their yields and nutri¬ 

tive value. The material presented goes beyond forage production into the effects of the 

forages on animals, as well as the effects of animal feeding on forages. 

The third section (“Part III”) covers “Forage Utilization.” The five chapters of this sec¬ 

tion encompass the quality and utilization of forages and animal disorders caused by for¬ 

ages. Also two chapters deal with hay and silage preservation and the management of 

grazing systems. 

A compendium of forty eight common forages, by K.J. Moore, is placed between “Part I” 

and “Part II”. It is beautifully printed on glossy paper with excellent photographs of each 
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species. The accompanying information for each species is concise while providing 

enough descriptors for species identifications with their common and Latin names, family 

names and origins. Also, the species descriptions include useful information about the 

environmental conditions for their growth and management. In addition, species distribu¬ 

tion maps that indicate level of usage are included for the mainland United States. This 

noteworthy compendium could easily stand alone as a handy reference guide. 

The subject matter covered in this volume is thorough. Even with four editorial authors 

and twenty four contributing authors, the editorial control is consistent throughout the 

book. Thus, information is easily accessible, which is an important feature of any text¬ 

book. In addition, this sixth edition has several improvements over previous editions, 

including increased coverage of plant morphology and more discussion on grassland 

ecology. Special emphasis is placed on use as a textbook for undergraduate students; and 

thus, authors were chosen who are involved in classroom teaching. At the end of each 

chapter is a list of questions that will benefit students in reviewing the subject matter 

covered. Also, the questions will guide students in thinking about the major topics dis¬ 

cussed in the chapters. 

In addition to a helpful glossary, selected terms within the text are in bold print and often 

accompanied by definitions. Numerous illustrations throughout the book are clear and 

easy to read. Many of them are line drawings, but graphs and black and white photo¬ 

graphs are also included. Tables are clear and easy-to-read providing much useful infor¬ 

mation. Bibliographic information is readily available because each chapter includes the 

literature cited. 

The impressive amount of information in this book is not only important to grassland 

agriculturists, but also to persons dealing with grassland conservational and environ¬ 

mental issues, ecological studies and land management programs. Hence, anyone who 

works in, or is active in, or in some way influences the management of grasslands, should 

familiarize himself or herself with the information provided in this book. Because, on 

their shoulders rest the future productivity of our grassland soils and the ability of these 

ecosystems to sustain biodiversity. 

Reviewer: Mari M. Loehrlein, Department of Agriculture, Western Illinois University, 

Macomb, IL 61455. 
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BOOK REVIEW 2004 - #3 

Collins, M., K.J. Moore, C.J. Nelson and R.F. Barnes. Forages resources CD. 2003. 4 3A 

inches; images of forage plants and their applications; descriptive captions; species maps; 

tables; figures; glossary; list of common and Latin plant names; lectures notes. Iowa State 

Press, Ames, Iowa. ISBN: 0-8138-1654-8. Price: $39.99. Available from Iowa State 

Press, 2121 State Avenue, Ames, Iowa 50014-8300. 

This wonderful CD (compact disk) was designed to be a resource companion to the book 

entitled Forages, Volume 1: An introduction to grassland agriculture (Barnes, et al 2003); 

however, it can very well stand alone as a valuable informational resource. 

Forages resources CD contains over 1,875 images that illustrate plant and seed charac¬ 

teristics, management practices, grazing systems and methods, and forage harvest and 

storage. There are descriptive captions that aid in searching the images. Maps are 

included that identify the range of each forage species of importance. There is a glossary 

of terms as well as a list of the common and Latin names of forage species. 

Contents on the CD are in pdf format (reader system included on CD). The twenty two 

lecture outlines on forage-related topics are a wonderful resource. Lecturers should vastly 

appreciate the ease with which images can be copied from the CD for use in another 

application, such as electronic slide presentations. This applies not only to color photo¬ 

graphs, but also to tables and figures. One hopes that this electronic technology will be 

employed by other textbook and reference book authors and publishers. It is invaluable in 

the preparation of lecture materials. 

Reviewer: Mari M. Loehrlein, Department of Agriculture, Western Illinois University, 

Macomb, IL 61455. 

Literature Cited 
Barnes, R.F., C.J. Nelson, M. Collins and K.J. Moore (Editorial Authors). 2003. Sixth Edition. 

Forages, Volume 1: An introduction to grassland agriculture. Iowa State Press, Ames, Iowa. 556 
pp. 
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ABSTRACT 

Average corn yields in a four-county area of 6,422 km2 in Illinois exceeded 11945 kg/ha 

in 2003, setting new statewide records and more than 945 kg/ha above previous high 

yields in this area. During the growing season, crop experts noted that the July weather 

was ideal but also predicted that the hot, dry August conditions would reduce average 

corn yields to 9431 kg/ha, which was 2514 kg/ha below the actual harvested yields. 

Examination of the weather conditions and plant stages during 2003 revealed that several 

factors led to the record yields. Factors that collectively caused rapid vegetative growth, 

maintained high plant density, and created extensive ear-filling were: rapid corn emer¬ 

gence after extensive early planting in April, deep rooting during a dry 3-week period in 

May, and frequent sunny skies in May-July coupled with timely rains, normal tempera¬ 

tures, few hot days, and adequate soil moisture. Moisture needs during the hot, dry 

August were met with high moisture levels in moderate to deep soils which eliminated 

potential crop stress. Comparison of the 2003 growing-season weather with that of 1994, 

when prior but lower yield records were set, revealed that the high frequency of clear 

skies and very few hot days were key to the higher yields in 2003. Sunny days from April 

through August 2003 were nearly double the monthly averages and greatly aided plant 

development, ear filling, and kernel weight. The number of days with maximum tem¬ 

peratures >32°C was only 56% of the average number, thereby minimizing heat stress. 

Because most crop experts did not detect the unusual combination of 2003 good weather 

factors, they predicted lower yields than occurred and were greatly surprised at the record 

yield outcome. 

INTRODUCTION 

For the past 100 years, scientists have been investigating the relationship between various 

weather conditions and corn yields. Regression models using monthly temperature and 

rainfall data were first developed by Henry Wallace (1920). In ensuing years, more 

sophisticated modeling included measures of agricultural technology and various weather 

measures, such as those for 1- and 2-week periods, during the growing season to try to 

identify the most important conditions and time of occurrence (Thompson, 1969). Most 

of these various quantitative analyses found that July temperatures and rainfall plus 

August temperatures were the most important weather factors related to Midwestern corn 
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yields. One result was a shift to earlier spring planting in an attempt to get critical corn 

development stages (tassel, pollination, and ear-filling) to occur before the often stressful 

hot, dry conditions of mid-July and August. 

As agricultural technologies developed over time, particularly after the 1930s, the 

changes in planting management (dates, hybrid seeds, and methods), fertilizer and pesti¬ 

cide applications, and other advances affected the relative importance of various growing 

season weather conditions. Earlier planting produced corn more susceptible to late June- 

early July stressful weather (Changnon and Neill, 1968). Nevertheless, technology has 

increased corn yields since the 1940s. Another factor affecting ever-increasing yields is 

weather. A study of corn-weather conditions in Illinois during the 20th Century found 

that, on average, favorable growing-season conditions were much more prevalent during 

1965-2000 than in earlier years (Changnon and Winstanley, 2000). Because of improving 

technologies and weather, corn yields have systematically increased over the past 70 

years. JJowever, occasional years of unusually high or low yields still occur due to 

extremely good or bad weather conditions (Changnon and Hollinger, 2003). 

Given this background, the year 2003 resulted in record corn yields for Illinois and 

uniquely high yields in a four-county area comprising 6,422 km2 in west-central Illinois 

(Fig. 1). As shown, corn yields in counties located south, west, and north of the four 

counties were notably less, although two nearby counties (Macon and Logan) also had 

high yields, but not at record levels. 

These statewide and four-county record yields were partly a reflection of the upward time 

trends in yields (improved technology and weather), but the departures above prior 

records and averages were sufficiently sizable to indicate certain uniquely good weather 

conditions for corn in 2003. A study of the weather and corn yield relationships for each 

of the 102 counties in Illinois using 1930-1963 data found that the four counties were 

located in a region with the state’s strongest weather-yield relationships (Changnon and 

Neill, 1967). Multiple correlation coefficients for growing-season weather conditions and 

yields in each of the four counties experiencing yield records in 2003 exceeded 0.94, 

indicating that weather explained more than 88 percent of all variability in yields. A sub¬ 

sequent analysis for this region-based on 1931-1982 data for weather, corn yields, and 

technology-found that July maximum temperatures were the most important weather 

factor, followed closely by July rainfall (Garcia et al., 1990). August temperatures and 

rainfall were found to have less importance. May rainfall was negatively related to yields 

because substantial May rain limits development of deep root systems needed to endure 

summer moisture stress. 

The goal of this study was to identify key weather conditions that led to the record high 

corn yields in the four-county area. This would reveal the best possible weather condi¬ 

tions for today’s ever-changing corn growth technology. Table 1 lists the four counties 

and their 2003 corn yields along with previous record high yields in 1994. These 2003 

county values were also new records for any Illinois county. The prior highest single 

county yield attained in Illinois was 11568 kg/ha in two central Illinois counties in 1994. 

The 2003 statewide average corn yield of 10310 kg/ha was 502 kg/ha above the prior 
record of 9808 kg/ha set in 1994. 
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DATA AND ANALYSIS 

Data were assessed for Springfield and five other National Weather Service weather sta¬ 

tions evenly distributed across the four-county area (Fig. 1). Detailed daily and hourly 

data on temperature, rainfall, and sky cover were available for the Springfield station 

(NCDC, 2004). The Illinois State Water Survey (ISWS) measures soil moisture amounts 

in four soil levels throughout Illinois on the first of each month, and values were obtained 

for the four-county area from the ISWS’s measurement site near Springfield (ISWS, 

2003). 

Assessments of crop conditions and yield expectations issued by state agricultural experts 

during the growing season were obtained from Farm Week, a weekly publication of the 

Illinois Farm Bureau. Important weekly measures of crop conditions, as reported by two 

crop watchers in Menard and Sangamon Counties and another located just 12 km east of 

Christian County, also were obtained from this publication. The Illinois Agricultural Sta¬ 

tistical Service (2004) provided the state and county yield data for 2003. 

WEATHER CONDITIONS DURING 2003 

Table 2 presents monthly temperature and precipitation values for Springfield and the 

monthly averages for the four-county area. Because certain conclusions are derived from 

the Springfield daily data, a comparison of these values and area values reveals the repre¬ 

sentativeness of the Springfield data. Mean temperature departures at Springfield reveal 

that four of the six months during the growing season had below normal values. An inter¬ 

esting oddity was that the August mean temperature was higher than that for July, a 

reversal that occurs on average only once in ten years. June-August rainfall totals at 

Springfield and the four-county area were above normal, whereas the April-May values 

were below normal. The six-month Springfield total rainfall of 56.1 cm was slightly 

above normal and slightly less than the four-county average of 59.2 cm. Differences in 

the monthly totals were all slight, less than 2.5 cm, indicating that Springfield values 

were representative of the area conditions. 

Table 3 presents the frequency of days with different sky cover during the sunrise-to-sun- 

set period. Monthly totals of clear days exceeded historical averages (1971-2000) in all 

six months of the 2003 growing season. There were only 36 cloudy days during 2003, 

compared to an average of 70 such days for the growing season. There were 50 partly 

cloudy days in 2003, only slightly fewer than average (56 days for the six-month period). 

Thus, most of the shift to clear skies in 2003 was a reduction in cloudy days, which 

resulted in much more sunlight reaching the corn crop. Examination of clear day frequen¬ 

cies at the nearest surrounding stations with sunrise-sunset sky cover data revealed that 

stations 100-120 km to the west, south, and east had slightly above average frequencies, 

but that Peoria, located 95 km north of the four-county area, also had an abnormally high 

frequency (91 clear days). 

The frequency of days with maximum temperatures of 32.2°C or higher in 2003 was 

markedly less than average with 17 days compared to the 1971-2000 average of 30 days. 

Only in August, the summer’s warmest month (table 2), did the number of 32.2°C (or 

higher) days in 2003 exceed the average. Thus, the 2003 growing season had nearly twice 
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the normal number of sunny days and very few exceptionally hot days. Clear days in 

June-August totaled 54, nearly double the average, and more than occurred in any year 

since 1950. The frequency of hot days was much below average with only 4 years since 

1950 having fewer such days. The record high number of clear days and near record low 

number of hot days was an unusual climatological outcome since all years since 1950 that 

had a much above average number of clear days (>38) also had an above average number 

of hot days. 

Table 4 presents the 2003 soil moisture conditions for the Springfield field site. Exami¬ 

nation of these values and monthly patterns based on the statewide network of soil mois¬ 

ture measurements (ISWS, 2003) revealed the Springfield values were regionally repre¬ 

sentative. The measurements also were in a prairie soil found throughout the four-county 

area. Moisture in the two shallow soil levels, 0-15 and 15-50 cm, was above normal in 

the spring (March-April), but decreased during May and June due to extensive evapotran- 

spiration by the growing crops and below average May rainfall. Heavy rains in late June 

and in July brought the 0-15 cm level back to 100% of average, but the 15-50 cm level 

continued to decline as the plants used this soil moisture. The hot, dry August brought 

major decreases in all four levels. Moisture in the two deeper layers, 50-100 and 100-182 

cm, increased during June and July as result of above normal rains, and then decreased as 

the crop relied on this moisture source during the hot, dry August. All four soil layers 

recovered in September when crops quit transpiring soil moisture. 

Examination of the daily values of temperature departures from average, rainfall, and sky 

cover (sunrise-sunset) at Springfield for the growing season was quite revealing (Fig. 2). 

Above to near average temperatures with little rain and mostly sunny days April 9-24 

(Fig. 2a) provided an excellent corn planting opportunity. May had a moderately rainy 

and cloudy period for the first ten days (Fig. 2b), followed by a 21-day period of little 

rain, near average temperatures, and above average sunny days which were excellent 

conditions for emergence, deep root development, and leaf development. 

The dry and sunny period ended during the first 13 days of June (Fig. 2c), which had rain 

totaling 8.9 cm on six days, numerous cloudy to partly cloudy days, and below normal 

temperatures. However, the remaining 17 days in June were notable for clear skies (14 

days), near average temperatures, and only two rain days, with one producing 7.14 cm. 

July featured moderate to heavy rains every 6-8 days with clear skies in between, and 

near to slightly below average daily temperatures during the last 21 days (Fig. 2d). There 

was a long period of sunny days June 15-July 8. Mid-summer rains were evenly distrib¬ 

uted with 1.8 cm on June 29, 4.3 cm eight days later on July 8-9, 2.3 cm eight days later 

on July 18, 1.2 cm two days later, and then 1.8 cm on July 28. July had clear skies on 19 

days, almost double the normal number (Table 3). 

Weather in August was a major shift from July. August daily temperatures were near 

average with mostly partly cloudy skies from August 1-12, and then temperatures became 

1° to 2°C above average with clear skies for the remainder of the month. Practically no 

rain occurred until August 31 when 8.3 cm fell, resulting in a hot and very dry 30-day 

period. The first day of September also had heavy rain, but little rain fell thereafter and 

many sunny days until September 22. This late summer heavy rainfall produced a late 
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season grain fill, creating large kernels. This too was an important factor in increasing the 

yields. October weather conditions were near average although an early freeze occurred 

on October 1, but this freeze did not affect yields since the corn was physiologically 

mature. 

CORN PLANTING, GROWTH, AND HARVEST OF 2003 

Corn planting in the four-county area began during the first week of April, accelerated 

during April 10-24, and was 90% complete by April 21, making 2003 an early planting 

year. All corn in the four-county area had been planted by April 30. This area, part of the 

west-southwest crop district of Illinois, led the state in planting rate (Farm Week, April 

28, 2003). By May 5, more than 60 percent of all corn had emerged to the 3- to 4-leaf 

size. All corn plants had emerged by May 20, with most corn 25-30 cm tall. Crop observ¬ 

ers reported good stands with high density. Density of corn plants can be modified 

somewhat by soil moisture and temperature conditions during germination and emer¬ 

gence (Hollinger and Changnon, 1993). The early April to early May period had above 

average soil moisture in the two upper soil layers (table 4) and normal temperatures, 

which were good conditions for ensuring high density. The lack of rain during the last 21 

days of May depleted moisture in the upper soil layers, causing the corn plants to root 

deep in search of moisture. 

By early June, crop observers reported the corn was growing well and looked like an 

above average crop (Farm Week, June 2, 2003). An increase in growing degree-days in 

June helped speed plant development with some corn in the area 3.3 m tall by mid-June. 

Studies of corn physiology have found that the first 55 days of corn growth (mid-April to 

mid-June 2003) is largely vegetative, but the ears are also forming. This development 

relies on adequate soil moisture and near average temperatures; thus, the 2003 weather of 

this period was nearly ideal for corn growth. The number of rows of corn per ear, one of 

the determinants of yield size, is determined 30-45 days after planting (Hollinger and 

Changnon, 1993). This occurred from mid-April to late May in 2003, a period with more 

than adequate soil moisture and no stress from high temperatures. 

Crop observers in the four-county area reported that the weather during the first two 

weeks of July was “ideal corn weather” (Farm Week, July 14, 2003). By July 5, 10 per¬ 

cent of fields were in tassel, and by July 10, 80 percent of the region’s corn crops had 

pollinated. Pollination was completed by July 16 and silks were drying. Physiological 

studies of corn development show that the number of kernels per ear is determined during 

a period beginning 30 days after planting (in mid-May 2003) and ending about two weeks 

after pollination (end of July 2003). Thus, kernel number was determined during a 2.5- 

month period with ideal weather for corn. 

Studies have shown that weather stresses during pollination (early to late July 2003) 

decrease yields (Hollinger and Changnon, 1993). Adequate soil moisture, timely rains, 

numerous sunny days, few hot days, and near to below average temperatures in July did 

not stress the crop during pollination. Vegetative growth of corn ends after tassels have 

emerged (all leaves are developed and stalks stop elongating). Tasseling began in early 

July and ended by July 25, revealing that plant growth and kernel numbers had been 

decided by the end of July, and ears were partly filled by August 1. 
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The period of corn most sensitive to water stress begins with pollination and silking and 

lasts 22 days (Hollinger and Changnon, 1993). Silking occurred in early July 2003 when 

there was no water stress. All of this reveals why various crop observers throughout July 

issued statements like “ideal corn conditions’ (Farm Week, July 21, 2003), the “crop 

looks good” (Farm Week, July 28, 2003), and that the week ending August 3 had been 

“another ideal week for corn” (Farm Week, August 4, 2003). A major rainstorm occurred 

in mid-July just north of the 4-county area, and damaging hailstorms in mid-May and 

early August also missed the area. Near perfect weather in July 2003, along with the early 

planting, provided excellent conditions for corn growth from planting through July. 

Local crop observers reported in early August that the corn looked good and the ears 

were largely filled. Above average temperatures and lack of rain altered their attitudes as 

the month wore on (Farm Week, August 18a, 2003). Fifty percent of the corn had reached 

the dent stage by mid-August, and some leaf diseases were reported in the fields of late- 

planted corn. Yield predictions issued on August 16 called for 10688 kg/ha in the four- 

county area (Farm Week, August 18b, 2003). Hot and dry August conditions across Illi¬ 

nois produced anxiety among producers (Farm Week, August 25, 2003), and boosted 

corn prices in the grain market by late August. Shallow soil moisture decreased from 

100% on August 1 to only 74% on September 1 (Table 4), and 47 percent of area farmers 

reported soil moisture as being short to very short (Farm Week, August 25, 2003). How¬ 

ever, soil moisture in the deeper levels, 50-182 cm, remained near average (88% at the 

end of August) and supplied water needs of the com crop for grain filling. 

A field survey in late August to assess potential corn yields in Sangamon County (Fig. 1) 

led to predictions of final yields ranging from 5973 to 12637 kg/ha with a county average 

of 9682 kg/ha (Farm Week, August 25, 2003). One agricultural expert claimed the hot, 

dry August conditions had reduced corn yields by 629 kg/ha. The dry August was labeled 

the “pivotal weather event” of 2003 (Farm Week, September 1, 2003). 

These various views of probable 2003 yields soon were altered as harvested yield values 

began to be reported. The corn harvest began on September 4, and by September 15 

regional crop observers were noting that “the yields are better than expected” (Farm 

Week, September 15, 2003). Much of the corn was still at moisture levels greater than 

24%. The excessive costs of drying corn (due to the high prices of natural gas) kept many 

farmers from harvesting early, choosing instead to let the crop stand and dry in the fields. 

Only 10 percent of the corn crop in the four-county area had been harvested by Septem¬ 

ber 22, but agricultural experts were amazed that yields in many of the harvested fields 

exceeded 12574 kg/ha. An early frost on October 1 improved harvest conditions, and 95 

percent of the area’s 2003 corn crop had been harvested by October 27. Sangamon 

County yields averaged 12199 kg/ha, 27 percent above yields predicted in the late August 

field survey. 

FACTORS LEADING TO THE RECORD YIELDS 

Review of the 2003 corn growth cycle and the views of agricultural experts and crop 

observers reveal that no one predicted nor expected the high yield levels attained. Soon 

after the harvest began, experts reported that the unusually high yields were a major sur- 
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prise. What factors had been missed during the growing season? An agricultural expert in 

early October stated, “Amazing corn yields are being reported as producers approach the 

50 percent mark” (Farm Week, October 6, 2003). All aspects of the harvested corn, 

including weight and grain quality, were found to be excellent. Crop experts at the U.S. 

Department of Agriculture reported in mid-October that Illinois was on the verge of a 

new corn yield record. One expert claimed that the unexpected jump in yields was due to 

much higher than expected grain test weight (Farm Week, October 13, 2003). “Corn kept 

filling even after moisture reserves became scarce” was another explanation (Farm Week 

October 13, 2003), revealing observers were unaware that the deep root systems (due to 

the dry April-May) had accessed high moisture levels in deeper soils during July and 

much of the dry August. Hence, corn filled better during the August dryness than experts 

expected. Warm, dry, and sunny days are good for corn if there is enough moisture to 

promote photosynthesis. 

In retrospect, crop experts in the area recognized that the July weather conditions were 

excellent for corn. However, they apparently did not consider two other important 

weather conditions. Weather from early planting in April until July 1 also had been 

excellent for corn—creating early emergence, maintaining planting densities, encourag¬ 

ing deep rooting, and sustaining excellent vegetative growth and kernel development. 

These factors coupled with the July conditions had established a record crop. 

What were the surprises? They included: 1) much higher yields than expected, 2) hot, dry 

August conditions did not hurt the corn, 3) failure to realize the crop was essentially 

made by the end of July, and 4) April-July conditions were essentially ideal for highly 

productive corn. Under prediction of yields had raised corn prices and incomes of area 

farmers. 

The important weather factors on a month-to-month basis were: 

• Corn was planted early in a dry period in April. 

• Warm, sunny conditions in late April-May resulted in good emergence and high 

plant density. 

• Dryness in May depleted near surface moisture and helped corn develop deep 

roots. 

• June rains sustained soil moisture supply, and sunny days promoted rapid 

vegetative growth. 

• July had several substantial and timely rains, few days with temperatures 32.2°C 

or higher, and daily temperatures near or below average resulting in little crop 

stress. Many sunny days helped tasseling and pollination, and the corn crop was 

largely made as July ended. 

• August was warm and dry, but the stress on corn was minimal because the crop 

was well advanced, deeper soil layers (50-182 cm) had above average soil 

moisture, and corn continued to fill, being enhanced by a heavy late August 

rainfall. 

• Harvest began in early September but advanced slowly because corn moisture 

was high. The largely dry and sunny September and October resulted in the 

completion of harvest by the end of October. 
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Comparison with 1994 Corn Weather Conditions 

Further assessment of the record 2003 yield outcome was done by examining the weather 

conditions in 1994, the year of the prior highest corn yields in the four-county area (Table 

1). Yields in 1994 for each county were 10625 kg/ha (Menard County), 11,128 kg/ha 

(Sangamon and Christian Counties), and 11128 (Morgan County). Growing-season 

weather conditions of 1994 and views of agricultural experts as the 1994 crop developed 

were assessed and compared with 2003 conditions and views. 

Several weather similarities were found. April 1994 had dry, warm, and clear skies for 12 

days. Considerable early corn planting was accomplished, but 40 percent of the corn was 

planted in May (Illinois Department of Agriculture, 1995). Hence, there was less early 

planting than in 2003. Both Mays had prolonged periods of dry, warm weather with clear 

skies; conditions that were conducive to deep rooting of the growing corn. Wet condi¬ 

tions in March, April, and June of both years resulted in above average deep soil moisture 

throughout the summer. Rainfall during both Julys was near average, timely, and well 

distributed throughout the month. Together, these conditions are conducive to high corn 

yields. 

However, two key weather conditions in 2003 differed from those in 1994, and these 

differences help explain the higher yields obtained in 2003. Sky conditions in 2003 had 

much above average numbers of clear days (97), whereas 1994 had near average numbers 

of clear days (61). Hence, much more photosynthesis occurred in the crop-critical months 

of 2003. The method of making sky cover measurements (sunrise-sunset) shifted in 1996 

from human observations to the use of data from a celiometer that measures clouds from 

the surface up to 4000 m and data from satellites that measure clouds above 4000 m. 

Assessment of the new measurement form revealed no discontinuity. The 54 days with 

clear skies during June-August 2003 were a record high for the 1951-2003 period. Maxi¬ 

mum temperatures were at or above 32.2°C for 27 days in 1994, which is near the normal 

number (30), but only 17 such hot days occurred in 2003. The state’s highest yields in 

2003 occurred in west-central Illinois, which had a high frequency of clear days and few 

hot days. For example, counties around Peoria (located 80 km north of Springfield) had 

yields of 11750- 11825 kg/ha, similar to those in the four-county area. Sky conditions and 

hot-day frequencies at Peoria were similar to those in Springfield but the late August 

rains were much less, leading to less grain filling. 

Views of local and regional crop experts during the 1994 crop season were similar to 

those issued during 2003. Most comments from mid-June onward in 1994 noted that the 

corn crop looked very good to excellent, and everyone reported that July 1994 had 

excellent corn weather (Farm Week, July 18, 1994). A sizable corn yield was forecast 

during August, with expected yields set at 10059 kg/ha. However, as data on actual har¬ 

vested yields became available after mid-September, all experts expressed surprise, not¬ 

ing the 1994 yields were well above expectations (Bridson, 1994). One agricultural 

expert noted that continued genetic improvement in corn yields was the “hidden engine” 

that had pushed yields to better than expected levels even with the less-than-perfect 

growing- season weather that occurred in 1994. 

Technological improvements during the latter part of the 20th Century have been reported 

to create a one percent per year growth in yields (Troyer, 2004). If one assumes a one 
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percent growth in yields in each year due to improvements in technology, then the four- 

county yields would have increased since 1994. For example, the 1994 record of 10625 

kg/ha in Menard County would have produced 11631 kg/ha in 2003 with similar weather 

to that in 1994, as opposed to the 12197 kg/ha yield obtained in 2003. Thus, the major 

factors behind the differences in the high yields of 1994 and those of 2003 are improved 

farming practices, better hybrids, and better weather conditions in 2003. 

CONCLUSIONS 

By mid-May 2003, corn plant density was optimal; by mid-June, vegetative growth was 

rapid and completed by mid-July; by the end of July, a large number of kernels had been 

formed, tasseling was finished, and plants were set for high yields. The key weather fac¬ 

tors behind the record 2003 high yields in the four-county area included the following 

conditions: 

1. Necessary soil moisture was available throughout the growing season. 

2. A record number of clear skies and few cloudy days led to fast growth and good 

pollination. 

3. Only about half the average number of high daily temperatures occurred, and 

June and July had below average temperatures, collectively minimizing tem¬ 

perature-related stresses. 

4. There was no crop damage due to hail, heavy rains, or storms with high winds. 

5. Timely and sizable rains throughout July aided kernel frequency and helped sus¬ 

tain the deep soil moisture, and heavy rains at the end of August helped enhance 

kernel size. 

It should be noted that factors 1 and 4 were also present in 1994. The difference between 

the record yields of 1994 and even higher yields in 2003 was a result of improved agri¬ 

cultural technologies over time, and more sunny days and few hot days in 2003. The 

many sunny days without many hot days in 2003 is a climatological oddity since past 

Illinois summers since 1900 with an above average number of sunny days experienced an 

above average number of hot days (Changnon et al., 2004). 

Interestingly, local farmers, crop observers, and agricultural experts did not expect the 

high record-setting magnitude of the 2003 (or 1994) yields. Experts in 2003 appeared to 

have not fully recognized the significance of the weather conditions from early planting 

through July, and that deeper soils contained sufficient moisture into August to sustain 

the crop during the only stressful (hot and dry) month of 2003. Such underestimates of 

yields can affect corn prices and how farmers market their corn. The influence of the 

record number of clear skies is also a yield enhancing factor that few realized. 

Farm income did increase for farmers in the four-county area in 2003. The record four- 

county average yield of more than 12000-kg/ha helped establish a new state yield record 

for Illinois and the for the nation. An impact of the 2003 conditions has been closer 

monitoring of growth-affecting weather and soil moisture conditions during 2004 and 

future growing seasons. It was reported that farmers would shift from soybean planting to 

increased corn planting in 2004, particularly because soybean yields in 2003 were 

depressed. Ironically, this shift did not occur. 
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Table 1. Com yields for the four counties with Illinois’ highest yields in 2003 and 1994. 

County 

2003 Yield 

(kg/ha) 

Prior record yield (year) 

(kg/ha) 

Difference 

(kg/ha) 

Sangamon 12199 10939(1994) 1257 

Menard 12199 10625 (1994) 1572 

Christian 12071 10939(1994) 1132 

Morgan 12008 11128 (1994) 880 

Table 2. Monthly weather conditions in 2003 for Springfield, Illinois, and area average 

values based on all weather stations in the four-county area. 

Month 

Mean temperature (°C) Rainfall (cm) 

Springfield Area Springfield Area difference 

April 12.3 (+0.8)' 12.3 7.1 (-1.2)' 8.1 1.0 

May 16.3 (-1.3) 16.2 8.1 (-2.3) 8.4 0.3 

June 20.3 (-2.3) 20.2 17.2 (+7.6) 15.5 1.7 

July 23.9 (-0.7) 24.0 9.9 (+1.0) 10.8 0.9 

August 24.1 (+0.6) 24.1 9.7 (+1.0) 10.2 0.5 

September 17.2 (-2.3) 17.4 4.1 (-3.3) 6.0 1.9 

Totals 56.1 (+2.8) 59.2 3.1 

Note: Values in parentheses are departures from 1971-2000 normal values. 
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Table 3. Frequency of days with different sky cover (sunrise-sunset) and high tempera¬ 

tures at Springfield, Illinois. 

Month 

Clear sky days 
Cloudy sky 

days 

Days with max temperatures 

32.2°C or higher values 

2003 Average Difference 2003 Average 2003 Average Difference 

April 16 7 +9 10 15 0 0 0 

May 11 8 +3 8 13 0 2 -2 

June 17 9 +8 7 12 2 7 -5 

July 19 10 +9 3 10 7 11 -4 

August 18 11 +7 2 10 8 7 +1 

September 16 12 +4 6 10 0 3 -3 

Totals 97 57 +40 36 70 17 30 -13 

Table 4. Soil moisture conditions during 2003 growing season, as measured in four soil 

levels near Springfield, Illinois, with values expressed in percent of average. 

Soil depth (cm) April 1 May 1 June 1 July 1 Aug. 1 Sept. 1 Oct. 1 

0-15 103 114 90 91 100 74 118 
15-50 101 103 95 101 83 77 105 
50-100 98 95 101 99 93 88 101 
100-182 92 95 104 105 100 90 100 
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Figure 1. County yields in the 4-county area with record high yields and in surrounding 

counties in 2003, and local weather stations are indicated. 

♦ Weather Station 
8500 Kiiogram/hectare 
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Figure 2. Graphs depicting the daily values of temperature departures, amount of rain, 

and sky conditions (sunrise-sunset) at Springfield, Illinois, April-July 2003. 
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Figure 2. continued 
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ABSTRACT 

Effective management of natural resources requires survey information regarding initial 

resource condition. It is not uncommon for sampling methods to change over time or for 

data from different surveys to be used in support of a common management goal. When 

data from surveys that utilize different methodologies are combined, error and bias asso¬ 

ciated with each survey methodology can confound interpretation of results. The Land 

Condition Trend Analysis (LCTA) program is an U.S. Army inventory and monitoring 

program that employs standardized methods of data collection, analyses, and reporting. 

The LCTA program uses a modified point intercept transect methodology. As LCTA 

program objectives evolve, interests in alternative sampling methodologies have 

increased. A number of installation LCTA programs have started using variations of the 

releve method to characterize vegetation. A study was conducted to evaluate the effect of 

alternative survey methodologies on vegetation characterization. The study consisted of 

107 plots randomly established across the study area. Identical survey crews surveyed 

each plot using standard LCTA and releve methodologies. LCTA methods consistently 

resulted in larger cover estimates especially at the uppermost height stratum. These dif¬ 

ferences resulted in LCTA methods classifying more plots as closed forest types than 

releve methods. The two survey methods tended to agree in more open vegetation types 

(grasslands and disturbed areas). Differences in survey results are attributed to differ¬ 

ences in methodology because the differences could not be solely attributed to differences 

in area sampled. 

INTRODUCTION 

Monitoring vegetation on U.S. Army installations allows the detection of impending 

changes in vegetative types, and enables managers to balance military training with land 

condition to preserve the long-term viability and usefulness of the land and associated 

biological systems. The Land Condition Trend Analysis (LCTA) program was developed 

to inventory and monitor natural resources on the 4.9 million hectares of land managed 

by the U.S. Army (Doe et al. 1999). LCTA data sets currently exist for more than 50 

installations and contain up to 10 years of annual vegetation monitoring data. The origi¬ 

nal emphasis of the LCTA program was to provide standardized methods to allow com- 
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parisons among installations with the ultimate goal of developing regional or national 

tools to estimate changes associated with various levels of military training (Diersing et 

al. 1992). 

The LCTA program uses a modified point intercept transect method based on prior stud¬ 

ies that demonstrated the method to generally be more accurate than other methods (Fen¬ 

ner 1997). Since 1992, local land managers have tried to optimize their scarce sampling 

resources by changing to methods more common to their region, plant community types, 

training activities, or resource management objectives (Anon. 1996; Anon. 1999; Cully 

and Winter 2000; Wang et al. 2001b; Leis et al. 2003; Prosser et al. 2003). Releve meth¬ 

odologies (sensu Mueller-Dombois and Ellenberg 1974) have been proposed as one 

alternative to standard LCTA methods at several installations to reduce inventory costs 

and provide data consistent with other regional organization’s survey data. Common rea¬ 

sons cited for using releve methods were that point intercept methods underestimate total 

number of species, were less effective for monitoring infrequently occurring species, and 

exhibited certain types of bias (Leps and Hadincova 1992; Brakenhielm and Liu 1995; 

Fenner 1997; Dethier et al. 1993; Korb et al. 2003). However, other studies have shown a 

trade-off between the accuracy of cover estimates and the proportion of the species pre¬ 

sent that are recorded in the data (McCune and Lesica 1992). 

The objective of our study is to quantify differences between standard LCTA and releve 

survey methodologies on the characterization of vegetation. Our hypotheses are that 1) 

both the LCTA and the releve methods should detect the same plant community and 2) 

the detected plant communities from both methods would be classified as the same com¬ 

munity under the National Vegetation Classification System (i.e. they would be undiffer¬ 

entiated upon application). This research is important to determine if vegetation sampling 

data is only relative to the method used or if the data can be used for comparison with 

those collected using other methods. This question is vital for determining whether the 

data can be reassembled into a composite national monitoring program. 

METHODS 

Study Area 
The study was conducted at Lort Drum (44.05N, 75.77W) in Jefferson and Lewis coun¬ 

ties in upstate New York. Lort Drum is approximately 36,100 ha and classified by Bailey 

(1995) as being in the Eastern Broadleaf Lorest province. Vegetation is typically northern 

hardwood with open forest and grasslands. Long cold winters and short warm summers 

characterize the climate with well distributed precipitation throughout the year, averaging 
2900 mm (Anon. 1977). 

Standard LCTA Survey Plot Protocols 
A standard LCTA plot is a permanent 100-m line transect (Diersing et al. 1992). A 

modified point intercept method is used to quantify vegetation cover at 1-m intervals 

along the line transect. A 1-m metal rod is used to measure vegetation point intercepts 

below 1-m and a telescoping range pole is used to measure vegetation intercepts above 1- 

m. Species identification, transect location, and intercept height are recorded for each 

vegetation intercept. Data from the 100-m LCTA plots is henceforth referred to as LCTA 
data. 
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Releve Survey Plot Protocols 

The releve plots were 20-m by 20-m sample plots which are generally referred to as a 

releve (Mueller-Dombois and Ellenberg 1974; Bonham 1991). The plot size was deter¬ 

mined in a preliminary study by creating a species area curve. The 400-m2 plot size 

selected exceeded or met National Park Service vegetation mapping plot size guidelines 

for vegetation typically found at the study area (Anon. 1994). Species were recorded for 

each height strata (Table 1) and aerial vegetative cover for each strata was visually esti¬ 

mated and assigned a Daubenmire (1968) cover class (Table 2). Total cover for each 

height strata was visually estimated. Data from these releve plots is henceforth referred to 

as releve data. 

Study Design 

One hundred and seven plots were randomly allocated using a stratified random sampling 

technique (Warren et al. 1990). Within a GIS, landcover and soils data were superim¬ 

posed. Each unique landcover/soil type was identified as a stratum. The number of plots 

assigned to each stratum was proportional to the land area in the strata. Plots were ran¬ 

domly located in each stratum such that a 100-m transect would not cross a stratum 

boundary. 

Plots were located based on the predetermined plot locations and an LCTA line transect 

was established along a randomly selected azimuth. If the line transect crossed a distinct 

vegetation boundary, another azimuth was randomly selected. A releve plot was subse¬ 

quently located parallel to the LCTA line transect starting at the beginning of the line 

transect (Fig. 1). If the releve plot crossed a distinct vegetation boundary, then an alter¬ 

nate releve plot location was selected as shown in Figure 1. Releve plots were located 

adjacent to LCTA line transects to avoid observer tracking within the releve plot while 

sampling the LCTA plot. 

Numerous studies have demonstrated differences in plant cover among the observers 

(Sykes et al. 1983; Leps and Hadincova. 1992; Westfall et al. 1997; Kercher et al. 2003; 

Klimes 2003; Helm and Mead 2004). To account for differences in observers, we used 

three field crews to measure the 107 plots. The same field crew located and established 

each co-located LCTA and releve plot. The same individual within a crew measured 

vegetation cover on each co-located LCTA and releve plot on the same day to prevent 

confounding observer bias with differences in the sampling methods. 

Data Analysis 

LCTA data was summarized to conform to the format of the releve data. Total number of 

species was calculated for each LCTA plot. Total cover by height strata, and cover by 

species and height strata was calculated by summing all transect locations with vegetative 

intercepts for the respective species and height strata. Raw data from each releve plot was 

transformed using the cover class midpoints (Table 2) as the representative data value 

(Bonham 1991). 

Hypothesis 1 

A correlation analysis was conducted to assess the strength of the relationship between 

the two survey cover estimates. The average difference between vegetative cover esti- 
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mates was calculated as a measure of survey bias between methods. Average absolute 

difference between cover estimates was calculated to quantify the overall difference in 

plot estimates. The number of strata by species cover classes that differed between survey 

methods was calculated. 

Because LCTA and releve plots survey different areas, differences between survey results 

could be attributed to differences in area surveyed or differences in survey methods. To 

quantify the effect of differences in survey area on survey results, the LCTA line transect 

was divided into two parts, 0 to 50-m and 51 to 100-m. The 0 to 50-m transect, hence¬ 

forth referred to as LCTA1, represents line transect data closest to the releve plot. The 51 

to 100-m transect, henceforth referred to as LCTA2, represents line transect data most 

distant from the releve plot. The LCTA1 and LCTA2 datasets were analyzed in the same 

manner as described for the LCTA and releve data. 

Hypothesis 2 

The National Vegetation Classification System (NVCS) was used to classify each plot at 

the Class level to quantify the affect of survey methodologies on classifying vegetation 

(O’Neil and Hill 2000). Vegetation classes used were closed canopy (60-100% tree 

cover), open canopy (25-59% tree cover), shrublands (10-24% tree cover) and sparse 

(<10% tree cover). In this paper, the shrubland class includes shrubland, dwarf-shrub- 

land, herbaceous, and nonvascular classes of the NVCS standard. 

In the NVCS hierarchy, the alliance level of the classification scheme identifies the 

dominant and codominant species that are found in the uppermost stratum of the vegeta¬ 

tion. To evaluate the effect of survey methodology on classification of sites at the alliance 

level, data from LCTA and releve plots were used to identify the dominant and codomi¬ 

nant species in the upper stratum of each plot. 

RESULTS 

Hypothesis 1 

Correlation coefficients were calculated for each height strata for the two survey methods 

(LCTA and releve) and for the two LCTA subplots (LCTA1 and LCTA2) (Table 3). 

Correlation coefficients for the two survey methods ranged from 0.54 to 0.84 indicating 

that the results from one survey method explained between 29 to 70% of the variation in 

the other survey results. Correlation coefficients for the LCTA subplots ranged from 0.66 

to 0.91 indicating that results from one subplot explained between 43 to 84% of the 

variation in the other subplot. The uppermost stratum generally had higher correlation 

coefficients than lower stratum for both methods and subplot correlations. While LCTA 

and releve cover estimates are highly correlated, the relationship was not as strong as for 

the two LCTA subplots that used the same methods but on adjacent areas. 

The LCTA methods consistently resulted in higher cover values than releve methods for 

all height strata. When LCTA cover estimates were converted to releve cover classes, 

between 1.9 and 22.4% of plot height strata were classified in the same cover class as the 

releve survey (Table 3). When LCTA subplot cover estimates were converted to releve 

cover classes, between 9.4 and 28.0% of plot height strata were classified in the same 
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cover class. For LCTA subplots, there was no consistent over or under estimation of 

cover for either subplot. 

The LCTA methods consistently estimated higher cover class values than releve methods 

on a species height strata basis. Less than 1% of LCTA and releve species by height 

strata observations were in the same cover class, while almost 24% of LCTA subplot 

observations were the same class (Fig. 2). Over 44% of releve and LCTA plots differed 

by 2 or more cover classes while only 8. 5% of LCTA subplots differed by 2 or more 

classes. Species level cover estimates differed more between the two methods than 

between areas within the LCTA method. 

Comparing LCTA and releve data, 54.3% of all misclassifications by species and height 

strata involved the 1-5% cover class for one survey method (either LCTA or releve) and 

0% cover for the other method. Across all height strata, 67% of misclassifications were in 

the lowest height strata (0-lm). However, with increasing height strata the percentage of 

two cover class discrepancies increased from 5.1 to 22.4% of observations. 

Average absolute difference was calculated as a measure of the magnitude of difference 

in cover estimates, while average difference was used as a measured of overall bias of 

one method to the other. The average difference between LCTA total cover estimates and 

releve total cover midpoint ranged from 4.4 to 21.0% for different height strata (Table 3). 

Average absolute differences ranged from 10.8 to 23.3%. The average difference between 

LCTA subplot cover estimates ranged from -2.2 to 1.0%. Average absolute differences 

ranged from 9.2 to 13.0% for LCTA subplots. Average difference was substantially 

larger between methods than between the same methods for adjacent areas. The average 

absolute difference between adjacent areas with the LCTA method was consistently 

smaller than between the two methods for all height strata. 

The average difference between LCTA cover estimates and the releve cover class mid¬ 

points on a species height basis was 4.1%. The average difference between LCTA1 and 

LCTA2 cover estimates on a species height basis was 8.8%. Differences due to area sam¬ 

pled using LCTA methods were greater than between LCTA and releve methods but 

resulted in few cover class discrepancies. The higher LCTA cover estimates resulted in 

more of the observations being classified into broader Daubenmire cover classes resulting 

in fewer misclassifications. 

A total of 431 species were identified by the two survey methods (Table 4). Releve meth¬ 

ods identified more species than LCTA methods across all plots. Each survey method 

identified species not identified by the other method. Though not reported, results on a 

plot basis were similar to the overall sampling results. 

We reject the hypothesis that both methods would detect the same plant community. Each 

analysis of the data consistently showed substantial differences in descriptions of the 

plant community. 

Hypothesis 2 
To examine the effect of survey methodologies on data interpretation, we classified each 

plot using the NVCS at the class level (Table 5). Over 85% of plots were classified the 
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same when adjacent areas were both sampled with the LCTA method (LCTA1 vs 

LCTA2) while less than 61% of plots were classified the same with LCTA and releve 

methodologies (LCTA vs releve). Most classification discrepancies between survey 

methods were between closed and open classes. LCTA, with higher cover estimates for 

the topmost height stratum, identified more of the forested plots as closed while the 

releve method differentiated between classifying the plots as open and closed. At the 

class level of the NVCS classification system, the differences in methodology resulted in 

39% of plots being classified differently. 

At the alliance level of the NVCS, plant communities are classified by the dominant and 

codominant species of the uppermost vegetation layer. To evaluate the effect of survey 

methodology differences on data interpretation, we identified the dominant and codomi¬ 

nant species in the uppermost height stratum. The dominant and codominant species 

identified by each survey method where compared on a plot basis (Table 6). LCTA and 

releve methods identified the same dominant and codominant species for 39% of the 

plots that had cover in the uppermost stratum. The LCTA subplots identified the same 

dominant and codominant species for only 31% of the survey plots. 

We reject the hypothesis that the community descriptions provided by the different meth¬ 

ods would result in the same practical interpretation of the plant community and condi¬ 

tion. However, this may reflect an overly sensitive test rather than real community differ¬ 

ences because LCTA subplots were more different than LCTA vs releve plots. 

DISCUSSION 

Theoretically, most sampling methods should give comparable information about vegeta¬ 

tion composition and abundance because the collected data all reflect the underlying plant 

community (e.g. Bonham 1991). In practice, different sampling methods have given dif¬ 

ferent representations despite sampling the same plant communities (Hanson and Love 

1930; Buell and Cantlon 1950; Heady et al. 1959; Kinsinger et al. 1960; Winkworth et al. 

1962; Good and Good 1972; Stohlgren et al. 1998). One justification for this has been 

that each unique sampling method changes the area, extent, and distribution of the sam¬ 

ples (Smith 1980; Ludwig and Reynolds 1988; Stohlgren et al. 1998). Further, plant 

communities often violate the assumption of spatial homogeneity at many common sam¬ 

pling scales (i.e. they have patterns rather than being uniformly distributed; e.g. Heady et 

al. 1959; Greig-Smith 1979). 

The results of this study show the differences in sampling results from methods that dif¬ 

fered in extent, intensity and area. Releve methods identified more species than the 

LCTA methods across all plots (Table 4). These results agree with previously reported 

comparison between releve and point type methods (Stohlgren et al. 1998). These results 

are not surprising since the LCTA method only samples 100 points along a transect while 

the releve methodology involves inventorying all species on a plot before cover estimates 

are made. However, the LCTA methodology did find 34 species not identified on the 

releve plots. The magnitude of this difference is similar to the number of species that 

were unique to one LCTA subplot. The releve methodology surveyed more species than 

the LCTA methodology most likely due to sampling intensity. The species only identified 

by the LCTA methodology can be attributed to differences in sampling area that captured 
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spatial variability within a plant community that was greater than the dimensions of the 

releve plot dimensions. 

An appropriate plot size for a survey depends on the individual vegetation variable sam¬ 

pled. The degree of spatial autocorrelation found in vegetation varies by growth form, 

size, and species (Wang et al. 2001a, Wang et al. 2001b, Gertner et al. 2002). In our 

study, total vegetation cover estimates differed more between survey methods (releve vs 

LCTA) than between areas sampled (LCTA1 vs LCTA2). However, cover estimates of 

individual dominant canopy species differed more between areas sampled (LCTA1 vs 

LCTA2) than between methods (releve vs LCTA). Cover of individual species varied 

over larger areas which dictated a need for larger plot sizes for both the LCTA and releve 

methods. For these measures, differences in survey results were larger between areas than 

between methods. For measures like total cover, that varied over smaller areas such that 

each method’s plot size captured the variation, differences in area surveyed was smaller 

than differences between methods. These results agree with prior studies. Wang et al. 

(2001b) determined that LCTA plots should be not less than 80-m for woody vegetation 

but could be as short as 60-m for grass and shrub vegetation. Jalonen et al. (1998) dem¬ 

onstrated larger releve plot sizes were required to accurately inventory species than were 

required to estimate cover of individual species. The 50-m LCTA subplots used in this 

study may have been sufficient for grass, shrub, and total cover estimates but insufficient 

to capture the spatial variability of individual species of woody vegetation. Melman et al. 

(1991) suggested sensitivity of parameters to plot size be a criteria in sample parameter 

selection. 

Differences in cover estimates from plot surveys do not necessarily mean that the data 

will be interpreted differently. If differences in survey results are small relative to how 

the data is aggregated, the data is likely to be interpreted in a similar manner. However, 

results from this study indicated that sampling methodology altered classification of 

vegetation at both the more general class level and the more detailed alliance level of 

classification which in this example would have changed management interpretations. 

CONCLUSIONS 

Standardization of vegetation survey methods is an objective of several national pro¬ 

grams (Diersing et al. 1992; Anon. 1994; Rodwell et al. 1995; O’Neil and Hill 2000). 

These programs are based on the understanding that different field survey and data analy¬ 

sis methods often result in varying interpretations (Mucina et al. 2000; Bruelheide and 

Chytry 2000; Hennekens and Schaminee 2001). However, data from legacy vegetation 

survey programs that adhere to alternative standards will continue to be used in natural 

resources management. Understanding the effect of field survey methods on data inter¬ 

pretations is critical to utilizing data from these legacy programs. 

LCTA and releve methods represent two common standards for characterizing vegetation 

on U.S. military lands. LCTA methods consistently resulted in larger cover estimates 

especially at the uppermost height stratum. The differences resulted in LCTA methods 

classifying more plots as closed forest types than the releve methods. The two survey 

methods tended to agree in more open vegetation types (grasslands and disturbed areas) 

because the cover estimates differed less in the lower height strata. 
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Differences in survey results cannot be attributed to differences in personnel since in this 

study the same observer measured a plot with both methods. Differences in survey results 

could not be completely explained by differences in the area sampled. When the same 

method was used on different areas, cover estimate differences were smaller than the 

differences between methods. This study indicates that differences in cover estimates for 

the two survey methodologies are associated with the manner in which each method 

estimates vegetative cover. This study did not determine which method was the most 

accurate for characterizing vegetation. The study only assessed the effect of alternate 

methodologies on vegetation classification. Additional research is required to establish 

accurate algorithms to convert data between these commonly used sampling methods if 

data is to be combined during decision-making processes. 
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Table 1. Releve vegetation strata heights. 

Strata Height (m) 

Forb/Grass Ground to 1.0 

Tall Forb 1.0 to 2.0 

Shrub 2.0 to 5.0 

Tree > 5.0 

Table 2. Daubenmire cover class scale used to visually estimate vegetation cover and 

class midpoints for summarizing data. 

Cover Class Cover (%) Class Midpoint (%) 

1 0 to 5 2.5 

2 5 to 25 15.0 

3 25 to 50 37.5 

4 50 to 75 62.5 

5 75 to 95 85.0 

6 95 to 100 98.0 
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Table 3. Total vegetative cover for LCTA and releve survey methods by height strata. 

Height Strata 
Measure 

0-lm l-2m 2-5m >5m 

LCTA and Releve Survey Comparison 

Correlation 0.63 0.66 0.54 0.84 

% plots same cover class 1.9 14.0 15.0 22.4 

% plots releve estimates more cover 33.6 28.0 11.2 13.1 

% plots LCTA estimates more cover 64.5 58.0 73.8 64.5 

Average difference2 7.6 ±2.2 4.4 ± 1.5 21.0 ±2.2 13.8 ±2.1 

Average absolute difference 17.6 ± 1.6 10.8 ± 1.1 23.2 ± 2.0 17.4 ± 1.8 

LCTA1 and LCTA2 Survey Comparison 

Correlation 0.77 0.74 0.85 0.91 

% plots same cover class 9.3 24.3 23.4 28.0 

% plots LCTA1 estimates more cover 47.7 29.9 35.5 42.1 

% plots LCTA2 estimates more cover 43.0 45.8 41.1 29.9 

Average difference3 -2.2 ± 1.8 1.0 ± 1.3 -0.2 ± 1.5 -2.0 ± 1.6 

Average absolute difference 13.0 ± 1.4 9.2 ± 1.0 10.2 ± 1.1 9.7 ± 1.3 
1 Correlation and difference measures calculated using cover class midpoint values for releve data. 
Percent of plots calculated using cover class values for LCTA and releve data. 

2 Mean and standard error for difference between survey methods. All values significant different 
than 0 at the p=0.01 level based on a paired two-tailed T test. 

3 No differences between survey methods significantly different from 0 at the p=0.2 level based on 
a paired two-tailed T test. 

Table 4. Comparison of total species identified and species identified by height strata 

for LCTA and releve survey methods. 

Measure 
Total Species 

Number Percent 

LCTA and releve Combined 431 100.0 

LCTA Total 320 74.2 

Releve Total 397 92.1 

Both LCTA and releve 286 66.4 

LCTA Only 34 7.9 

Releve Only 111 25.8 

LCTA1 & LCTA2 Combined 320 100.0 

LCTA1 Total 282 88.1 

LCTA2 Total 254 79.4 

Both LCTA1 and LCTA2 216 67.5 

LCTA1 Only 66 20.6 

LCTA2 Only 38 11.9 
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Table 5. Comparisons of survey plot vegetation classification using LCTA and releve 

survey methods. 

LCTA 

Closed2 Open Shrub Sparse Total 

Closed 21.5' 2.8 0.0 0.0 24.3 

QJ Open 19.7 8.4 0.9 0.0 29.0 

"a} 
Shrub 4.7 3.7 0.0 1.9 10.3 

Sparse 0.0 1.9 3.7 30.8 36.4 

Total 45.8 16.8 4.7 32.7 100.0 

LCTA2 

Closed Open Shrub Sparse Total 

Closed 42.1 1.9 1.9 0.9 46.7 

Open 4.7 10.3 0.9 0.9 16.8 

H 
u Shrub 0.9 0.0 0.9 1.9 3.7 

Sparse 0.0 0.9 0.9 30.8 32.7 

Total 47.7 13.1 4.7 34.6 100.0 
1 Percent of plots 
2 Closed, Open, Shrub, Sparse are closed tree canopy, open tree canopy, shrubland, and 

sparse classifications respectively. 

Table 6. Comparison of dominant and codominant vegetation species in the greater than 

5m height strata using LCTA and releve survey methods. 

Category LCTA vs Releve1 LCTA1 vs LCTA2 

Same2 39.3 31.8 

Reversed3 8.4 0.9 

Mismatched4 21.5 36.4 

No cover >5m5 30.8 30.8 

Total 100.0 100.0 

1 Percent of plots 
2 Same: same dominant and codominant 
3 Reversed: dominant and codominant reversed 
4 Mismatch: dominant, codominant, or both differ 
5 No cover >5m: both had no cover 
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Figure 1. Plot design for selecting releve plot, plot location relative to the LCTA line 
transect. 

20 X 20 Releve 

100 meters 

0 meters 

Figure 2. Number of cover class categories difference between LCTA and releve vegeta¬ 

tion measurements. 

Cover Class Difference (#) 
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ABSRACT 

The pleiotropic transformer (trf) gene of Collinsia heterophylla Buist., 2N=14, 

(Scrophulariaceae), modifies all floral parts rendering the flower sterile. A dominant 

activator (Act) gene, linked with trf‘ and an active transposable element (Tela) are 

required for the expression of maroon pigmentation, as well as sepaloid texture of leaves, 

and green leaf formation in orange (vao) plants - all associated with the transformed trait. 

INTRODUCTION 

During the vegetative growth, Collinsia heterophylla, Buist. (Scrophulariaceae) plants 

develop five to eighteen pairs of leaves. The basal and medial areas of cotyledons and 

juvenile leaves of most of the red-stemmed plants exhibit transient maroon patches 

(Fig.l). The transition to the reproductive phase is displayed by an increase in the 

number of leaves from two to three, four, or five at the lowermost whorl of inflorescence. 

The rest of verticillate inflorescence is composed of trimerous, tetramerous to as high as 

heptamerous whorls of bracts each subtended by a flower ( Gorsic, 1974). The wild-type 

pentamerous, zygomorphic flowers (Fig.2) have a white, two-lobed upper lip (with 

maroon dotting) and a violet lower lip having two side lobes and a longitudinally folded 

middle lobe (keel) harboring four didynamous stamens and a two-carpellate pistil 

(Abrams and Ferris, 1960). 

MATERIALS AND METHODS 

Among the progeny of 144 plants of six self-fertilized and intercrossed sibling plants 

(culture h90 111), grown in the greenhouse for the purpose of ongoing study of genetic 

variation in the species, eight mutant plants appeared having the following unusual 

features: 1) leaves of the fourth and higher stem nodes had a maroon colored adaxial side 

of the blade (Fig.3); 2) the fourth, fifth, and sixth node had four (instead of the usual two) 

branches carrying five to six pairs of tightly packed sepaloid leaves, or having five to six 

pairs of sepaloid leaves and terminal “incomplete flowers” composed of five sepaloid and 

five petaloid bracts (two or more of the latter with maroon dots), four staminoid bracts, 

and no pistil; 3) the branches (two per node) at the seventh and eighth node had four or 

five pairs of sepaloid leaves and a terminal “incomplete flower”; and 4) the sepaloid 

leaves of the ninth and the higher nodes of the main stem were compressed into a “cone- 
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like” structure with “incomplete flowers” (Fig. 4). These transformed (trj) plants 

appeared stunted, reaching about one-third size (15cm) of the wild-type sibling plants, 

and were, except one, sterile. The fertile transformed (trj) mutant had, in addition to 

most features described above, on the branches of the sixth node normal flowers and fully 

developed, but transformed, sterile flowers in the upper part of the flowering stalk 

(Fig.5). In subsequent cultures of self-fertilized transformed {trj) mutants the majority of 

transformed plants developed wild-type revertant {trf- trf) flowers on the lower and the 

transformed (trj) flowers on the upper branches (Fig.6). These transformed flowers 

drastically differed from the wild-type flowers by having a soft, papery calyx, more 

intensely colored (often patchy) corolla with a half-open keel, four short sterile stamens, 

and a short sterile pistil. 

To establish the genetic basis and the mode of inheritance of transformed {trj) trait, the 

fertile mutants were self-fertilized and hybridized with the wild-type {Trj) plants. The 

results of these investigations are reported below. The cultivation of Collinsia plants and 

hybridization methods have been described in an earlier paper (Gorsic, 1994). 

RESULTS 

Plant Maturation and Transformation Levels in Transformed Mutants 

The transformed {trj) mutant (h9247-l), from which the bulk of the transformed offspring 

of this investigation are derived, had the following mature configuration: one of the two 

branches at the sixth stem node bore at its third and all higher nodes only normal flowers, 

the other had at its third node normal flowers and transformed flowers at all remaining 

nodes; two branches of the seventh stem node carried at their third and all higher nodes 

only transformed flowers; at the eighth and all higher nodes of the main stem there were 

only transformed flowers. The reproductive maturity (flower formation) in this plant, 

having seven pairs of vegetative leaves, has been reached at the eighth node on the main 

stem, at the ninth node (6+3) on branches of the sixth stem node, and the tenth node 

(7+3) on the branches of the seventh node. The change from normal to transformed 

flowers occurred on the main stem apparently at the eighth node, but at the tenth node 

(6+4, 7+3) on the branches (for more on maturation see below). 

Crosses between wild-type {Trf/Trj) plants and the transformed {trf/trf, h9247-l) pollen 

plant produced wild-type Fj offspring. Among the progeny of 70 offspring, of the self- 

fertilized hybrids {Trf/trj), not one transformed {trj) plant reappeared. A self-fertilized 

wild-type {Trf/trj) sibling plant of the h9247-l transformed {trj) mutant produced 162 

wild-type and two transformed plants (culture h9384). Five wild-type siblings of culture 

h9247 crossed with the h9247-l transformed mutant produced a total of 92 plants of 

which 88 were wild-type and four were transformed plants (cultures h9385-89). 

On the basis of these preliminary observations it can be concluded that the transformed 

{trj) is a recessive trait, and it is not inherited as a monogenic, nor a simple bi-, or tri- 

genic trait, but conditioned by an intricate interaction of three or more genetic factors or 

by an epigenetic mechanism interfering with normal development of flowers in C. 

heterophylla. 



181 

Seeds (labeled trf) obtained from self-fertilized flowers of the branch at the sixth stem 

node of the h9247-l transformed (trf) plant, when sown, gave rise to ten wild-type green¬ 

leaved plants and four maroon-leaved transformed (trf) plants (cultures h9382,3). The 

wild-type siblings began to form flowers on the main stem at the ninth to twelfth node, 

and the transformed (trf) mutants at the eleventh to twelfth node, except one plant whose 

main stem was terminated by a “cone” of sepaloid bracts. The flower formation on the 

primary and secondary branches of transformed (trf) plants started at a higher total 

number of nodes than on the stem (confer Fig.7): on the primary branches of the ninth 

stem node at the 14th or 15th node (9+5, 9+6), on branches of the 10th stem node again at 

the 14th or 15th node (10+4, 10+5), and on branches of the eleventh stem node at the 

twelfth node (11+1). On the secondary and tertiary branches the total number of nodes at 

which the flowers appeared add up to the values 14 to 18. In C. heterophylla plants, 

apparently, the main stem matures at the same or a lower node number (12) than the 

branches. The pleiotropic transformer (trf) gene, then, does not interfere with the plant 

maturation process, but with the physiological (pigment synthesis) and morphological 

(leaf texture) transformation of vegetative organs (leaves) to the reproductive structures 

(bracts and floral parts). 

Discoloration of Leaves in Transformed Mutants 

The earliest sign that a plant is a transformed (trf) mutant is the appearance of a 

conspicuous maroon pigmentation of leaves, which may occur as early as the second 

node (Fig.8), middle (4th and 6th node, Fig.3), or in late vegetative phase (11th node, 

Fig.9), or when the plant is already in the reproductive phase (Fig. 10). The pigment is 

formed only in the cells of the upper epidermis; the concentration varies from cell to cell 

and some cells are colorless. After the onset of pigmentation, the intensity as well as the 

number of pigmented cells per unit area increase for several newly formed leaf pairs. As 

the reproductive maturity approaches, the leaves are gradually reduced to bracts of 

inflorescence, and the maroon color fades. With inbreeding of transformed (trf) plants 

the intensity of maroon pigmentation increased, supporting the view that maroon 

coloration may be a polygenic or multiple allelic trait. Those red-stemmed violet (W) and 

green- or red-tinge-stemmed white (w) flowering (Hiorth, 1930) transformed mutants that 

exhibited no maroon pigmentation apparently lacked some genetic factor necessary for 

synthesis of the pigment; these transformed (trf) plants were nevertheless recognizable in 

the young as well as mature stage by the modified, sepal-like texture of leaves (Fig.4). 

Segregation in Progenies of Selfed and Intercrossed Transformed Mutants 

The configuration of the offspring of self-fertilized and intercrossed transformed {trf) 

plants were basically of four types: 1) plants having on the main stem normal flowers in 

the lowermost whorls of inflorescence and transformed flowers in the upper part 

(occasionally a plant had a normal flower in the middle of transformed inflorescence); 2) 

transformed plants having on the main stem and the uppermost branches only 

transformed flowers and normal flowers on the lower branches; 3) plants having no 

fertile flowers because a) they produced only transformed flowers on the main stem and 

no branches, b) produced on the main stem and all branches only transformed flowers 

and c) produced only “incomplete flowers” in “cones” on the main stem and branches; 4) 

plants with green leaves and wild-type fertile flowers only. 
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A correlation has been observed between the level (node) of appearance of the first 

maroon leaf pair and the node number at which the branches with transformed flowers 

developed. Branches that carried only transformed flowers developed (generally) at one 

to three nodes beneath the lowermost node with maroon leaves, e.g., a plant having the 

lowermost maroon leaves at the fifth stem node had transformed flowers on the branches 

of the third and all higher nodes - such a plant had normal flowers on the branches (if 

any) at the second, first, and/or the cotyledonous node (seed collected from such a plant 

was labeled trf and seed of all fertile branches were clumped together). 

The segregation data of selfings and intercrosses of transformed (trf) plants (Table 1) 

displayed a correlation: progenies grown from seeds collected on the branches at higher 

stem nodes produced larger number of wild-type green (revertant, trf) plants than 

progenies derived from seeds collected on branches at the lower stem nodes, and vice 

versa, the lower on the stem the seed was collected the higher was the number of 

transformed (trf) maroon-leaved plants, and the lower the number of green-leaved 

(revertant, trf) plants in the progeny. 

The transformed (trf) classes (of non-segregating as well as trf vs. trf segregating 

cultures) were always a mixture of individuals regarding the level (node number) at 

which the shift from wild type (trf) to transformed (trf) flowers appeared. Selfings and 

intercrosses of plants with transformed flowers on lower branches (lst-5th node) produced 

a higher number of offspring having the transformed flowers on lower branches than 

selfings and intercrosses of plants carrying transformed flowers on branches at the 6th-10th 

(or higher) node, whose progenies, generally, contained a greater number of plants with 

transformed flowers in the upper branches. Transformed classes, whose members would 

all exhibit the shift from normal to transformed flowers on branches of the same stem 

node, have not been observed. 

Segregation in Progenies of Selfed and Intercrossed Revertant Plants 

Progenies of the self-fertilized and intercrossed wild-type green (revertant, trf ) plants 

were of five segregation types (Table 2): 1) progenies composed entirely of revertant (trf 

) plants; 2) progenies segregating for green-leaved (trf) and maroon-leaved transformed 

(trf) plants in exceedingly skewed ratios favoring revertant (trf) type; 3) progenies not 

significantly deviating from a 3:1 ratio for revertant (trf) vs. transformed (trf) type; 4) 

progenies approaching a 1:1 ratio for revertant (trf) vs. transformed (trf) type; and 5) 

progenies in which the transformed (trf) plants outnumbered the revertant (trf) type. 

Members of the transformed (trf) classes varied as in cultures of selfings of transformed 

plants. The revertants (trf) were phenotypically identical with Trf wild-type plants, but 

the trf alleles did not behave as dominant Trf genes in selfings and crosses with 

transformed (trf) plants; therefore the trf genes cannot be considered stable Trf genes. 

Segregation in Progenies of Crosses Between Revertant and Transformed Plants 

In crosses between revertant (trf) and transformed (trf) mutants the revertant plants were 

used predominantly as maternal parents for a simple reason of having many more fertile 

flowers (assuring higher yield) than the transformed plants, which often had a very 

limited number of normal flowers, and were therefore used primarily as pollen parents 

(Table 3). In spite of enormous variation in genomic make up of revertant (trf ) plants, 

as demonstrated by great fluctuations in segregation ratios of their selfings (confer Table 
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2), the segregation data of progenies of trf x trf and trf x trf crosses did indicate a 

regularity in obtaining higher proportion of revertants (trf) in crosses whose transformed 

(trf) parent (female or male) bore the transformed flowers at a higher level (node) on the 

stem, and the reverse, the lower on the stem was the position of the branch with 

transformed flowers in the transformed parent (female or male), the higher was the 

proportion of transformed (trf) offspring in the progeny of the cross. The “trf 

phenotypes” of parents of individuals crossed gave some information on their genetic 

background, but it was incomplete, since their siblings often could not be genetically 

tested because of their sterility. 

Reversion of Orange Leaf Variegation in Transformed Mutants 

The orange variegation (vao) is a mutiple-allelic locus comprising seven alleles ( Gorsic 

and Kerby, 1996; Gorsic, 2000); two of the recessive alleles were used in this 

investigation - vao producing pure orange leaves (Figs. 11,12) and revertant vaoR (whose 

reversion occurs during embryogenesis) producing orange and green sectored leaves 

(Figs. 13,14,15). In cultures segregating for transformed (trf) and orange leaf variegation 

(vao) mutants all transformed plants, which were pure orange (vao/vao) at emergence, 

began to exhibit green sectored or entirely green leaves at their 2nd, 3rd, 4th, or at any other 

of the remaining nodes (Fig. 11). In some orange transformed double mutants (vao/vao 

trf/trf), the pair of leaves in which the vao reversion to vao' started was light green, but 

leaves of the next pair up the stem were dark green (Fig. 12). The revertant orange 

variegated plants (vaoR), characterized by orange and green sectored leaves (Fig. 13, green 

may be large sectors - or tiny specks, Fig. 14) having the transformed (trf/trf) genotype, 

exhibited a drastic increase in the area of green on leaves starting at the 2nd, 3rd, 4th, or any 

higher stem node (Fig. 14), or exhibited entirely green leaves from a specific node 

upwards (Fig. 15). The increase in the amount of green in the leaves of trf/trf vaoR/vaoR 

double mutants may not have been a reflection of an upgraded enhancement of the vaoR 

allelic action, but a result of the operation of a different form of a revertant vao'R allele in 

whose origin the trf gene was a participant. 

In combined progenies of self-fertilized and intercrossed Vao/vao and Vao/vaoR 

heterozygotes of transformed (trf/trf) stock, 651 plants were obtained from which 412 

were (vao+-trf-Act) maroon green and transformed, 90 were (vao+-trf -act) pure green 

with normal flowers, 47 plants were (vao'-trf-Act or vao,R-trf-Act) maroon pure orange - 

or maroon orange green sectored at the base, and maroon extended green sectored to all 

green - or maroon all green above with transformed flowers, and 102 were (vao-trf -act 

or vaoR-trf-act) pure orange - or orange green variegated with normal flowers. If the vao 

and trf genes were independent, the expected number of individuals in the four classes 

would be 9 (366.19) : 3 (122.06) : 3 (122.06) : 1 (40.69) respectively. Deviations from 

these expected numbers indicate a trans-arrangement (repulsion) of vao-trf and a 

dominant factor (Act) participating in activation of vao and trf genes (Vao trf act / vao trf 

Act, Vao trf act / vaoR trf Act). 

Formation of Actinomorphic Transformed Flowers 

One of the transformed (trf) mutants had unusual pentamerous actinomorphic flowers 

(Fig. 16). The immediate ancestors of this plant (h93207-13) carried the superflower 

gene (sf Gorsic, 1994), which modifies terminally located flowers into actinomorphic 

flowers composed of keels only; the same type of keel flower in lateral position is 
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produced by white fleck (Wf) mutant ( Gorsic, 1957) after an inbreeding for at least five 

generations (Fig. 17). Keels of the keel flowers, as well as keels of the wild-type 

zygomorphic flowers, are changed into the side lobes by the keelless gene (klp; Gorsic, 

1994), which opens the keel and enables the “3-side-lobed” lower lip to exhibit the 

phenotype of genes (like carmine, Ktr, Hiorth, 1930) normally affecting only the upper 

lip, to be expressed in the lower lip as well (such flower is pictured in Fig. 6; trf-klp-Kn). 

Thus, the plant with the unusual nearly white (non-carmine, kn) actinomorphic flowers 

(Fig. 16) had this genotype: trf/trf sf/sf klp/klp kn/kn Act/-. Similar keel flowers were 

observed in C. verna Nutt., blue-eyed Mary (Fig. 19), a native Midwestern species, 

whose leaves and flowers - like in C. heterophylla plants - may or may not exhibit 

maroon pigmentation (Fig. 18,19). 

DISCUSSION 

The extremely variable trait of maroon patches on cotyledons and leaves (Fig. 1) is 

controlled by Mp genes which, in the wild-type plants, become silenced at the end of the 

juvenile phase. The maroon pigmentation shows up in the reproductively mature plants 

as greatly variable maroon markings on the petals of the flowers’ upper lip (Figs. 2,16; 

Gorsic, 1994): dotted mouth (Mi), cross line (Uc), dotted (Ud), and maroon ring (Ur). 

Transformer (trf) gene, apparently, breaks the silencing of the Mp genes, and vegetative 

leaves continue to exhibit maroon pigmentation all the way up to the modified petaloid 

bracts of “incomplete flowers.” The recessive orange variegation (vao) gene, in contrast 

to dominant Mp genes, is reverted to vao1 (in presence of the trf gene) producing normal 

chloroplasts rendering the leaves green. Appearance of the fertile wild-type plants 

among the offspring of self-fertilized transformed mutants, demonstrates that the trf ge.ne 

itself is reversible (trf). 

The unusual behavior of Mp, vao, and trf genes, and the irregular segregation pattern in 

progenies of the self-fertilized and inter-crossed transformed (trf) mutants (Tables 1,2,3) 

can be adequately explained assuming the operation of two genetic factors facilitating the 

reactivation of these genes: 1) a dominant activator (Act) which is linked with vao-trf 

group, and 2) a transposable element (Tel) which is independent of the group (Kunze, et 

al., 1997). However, if the Act and a stable transposable element Tel would be the sole 

autonomous agents, facilitating the vao and trf reactivation process, stable and 

predictable segregation ratios should be obtained in genetic testing. Instead, the 

proportion of maroon-leaved transformed (trf) plants versus green-leaved revertant (trf) 

plants in test progenies appears to be influenced by the nodal (stem) position of the 

branch from which the seed of the tested plants has been collected. It seems, that the 

transposable (Tel) element (playing a role in vao and trf gene reversion) behaves 

differently when inherited (transmitted) from the lower (juvenile), middle, or upper 

(mature) part of the plant, suggesting, that the transposable element changes as the plant 

grows. 

In corn (Zea mays', Phoetig, 1990) the Spm transposable element exists in three states: the 

active heritable state, the inactive heritable state, and labile programmable state. The 

programmable elements, that can shift to the stable active or stable inactive state, are 

progressively imethylated as the plant grows - their transcription level is influenced by 

the methylation status (low when highly methylated, and high when methylation is 
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decreased) and their position in the shoot. In the presence of the active Spnf (whose 

cytosine in DNA of the transcription start site at the 5’ end is methylated) the mutator 

{Mu) gene gets methylated and the hcfl06 (high-chlorophyll-fluorescence gene, 

producing pale-green leaves) located in the neighborhood of Mu regains the capacity to 

produce normal chlorophyll, which results in the leaves exhibiting dark green sectors or 

becoming entirely green. This visible change in corn leaf coloration is a reflection of the 

DNA methylation status of the Mu - hcfl06 segment. 

In C. heterophylla several genes behave as the hcfl06 of corn. In transformed (trj) 

mutants the silencing of Mp genes is broken and the leaves, beyond juvenile phase, 

exhibit maroon coloration; in orange (vao, vaoR) plants of trf/trf stock, the normal 

chloroplasts form and green sectored or entirely green leaves are produced. The 

transposable element {Tel) of C. heterophylla, involved in the reactivation of these genes, 

exists in at least two states: the active {TeT) and the nonfunctional {TeT) form. Since to 

date, in progenies of the self-fertilized transformed {trj) plants, neither stable heritable 

maroon-leaved {trf/trj) nor stable heritable green-leaved {trf/trf) strains have 

materialized, it is likely, that in the meristematic (sporogenous) tissue of the apex, the 

transposable element stays in the nonfunctional {TeT) state. In mitotically dividing and 

differentiating cells of the soma, however, the TeT converts in variable frequencies 

(depending on the developmental level of specific section of the growing plant) to the 

active {TeT) form. 

Coding genes are, generally, silenced when their DNA gains the methyl groups, whereas 

the transposable elements are activated by demethylation (Martienssen et al., 2001). 

When DNA of the activator {Act) gene gets methylated, involving the active transposable 

element {TeT), the vao and trf genes, located in Act's neighborhood, are affected: vao 

reverts to vao' and normal chloroplasts are produced; the trf initiates the ontogenetic 

processes of vegetative to reproductive transformation, the silencing of Mp genes stops, 

the synthesis of maroon pigment resumes, leaves acquire a sepaloid texture, and the plant 

becomes a transformed {trf mutant with maroon colored leaves (or green leaves in 

orange plants) and sterile transformed flowers. 

The mechanisms, turning these reactivations on and off, include the regulatory genes 

which control the developmental phase change (Phoetig, 1990), the methylation and 

demethylation of DNA (Martienssen et al., 2001), or the epigenetic pathways, such as 

silencing by microRNA and interference RNAs (RNAi; Hannon, 2003). 

The first pair of leaves, exhibiting maroon pigmentation, may be only half-way colored 

(Figs. 8,9): this is because the terminal part of the leaves matures earlier (Phoetig, 1990) - 

the silencing of the Mp genes is still in progress, therefore the terminal part is green; the 

basal part matures later - the silencing of Mp genes is terminated, the synthesis of maroon 

pigment resumes, therefore the basal part is maroon colored. The starting point of 

transformation was indicated also in some plants having four (instead of usual two) 

branches per node: the outer two branches (formed earlier) carried non-modified normal 

fertile flowers, the inner two branches (formed later) bore transformed {trf flowers. 

In transformed {trf plants, the conversion of the nonfunctional transposable element 

{TeT) to the active TeT form and the accompanying methylation of DNA of the Act and 
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adjacent vao-trf loci may occur at any level between the 2nd and the uppermost node of 

the stem (Figs. 3,8-12,14-15) as demonstrated by the appearance of maroon pigmented 

leaves at the respective nodes and, later, the appearance of modified transformed (trf 

flowers when plants reach reproductive maturity. Progenies of self-fertilized transformed 

(trf) plants segregate into maroon-leaved plants with transformed (trf flowers and wild- 

type green-leaved revertant (trf = trf) plants with normal flowers in most irregular ratios 

(see Table 1) due to: 1) variable frequencies of Teln to TeT conversion and transcription, 

and 2) potency (methylation status) of genetic factors regulating developmental phase 

changes, which affect the transposition of transposable elements. In floral primordia, the 

methylated DNA of the Act and adjacent (vao,vaoR)-trf segment is activated and the trf 

starts directing the morphological development towards sterile transformed (trf) flower. 

The wild-type green-leaved or orange-leaved (vao,vaoR) plants are trf/trf Act/- Teln/ TeT 

individuals, that lack the proper genetic make up required for the TeT to TeT 

conversion and transcription, thus precluding the DNA methylation of the (vao,vaoR)-trf- 

Act segment, therefore the floral primordia continue to develop along the wild-type path, 

and fertile (trf = trf) flowers form. If any step of the process leading to methylation of 

the vao-trf-Act DNA segment is hampered to a lesser degree in the basal part than in the 

middle or upper parts of the plant, then, the progenies, grown from seeds gathered from 

lower branches of the self-fertilized transformed {trf-Act/trf-Act) plants, would contain a 

higher number of transformed (trf) and a lower number of revertants {trf) than the 

progenies grown from seeds collected from the middle or upper parts of the plant. That is 

actually observed in analyzing test cultures: progenies grown from seeds of self-fertilized 

transformed {trf) plants, collected from branches at the 1st to 4th stem nodes (labled trf '4), 

have, generally, a high number of maroon-leaved transformed {trf) plants and low 

number of green-leaved revertant (trf) plants; seeds of the 'Trf'8 phenotype” produce 

progenies in which the number of the wild-type green revertants {trf) is rising and may 

override the maroon-leaved transformed {trf type, which actually happens, with few 

exceptions, in progenies grown from seeds collected from capsules of the upper {trf'over) 

branches and inflorescence of the main stem. 

The reversion of orange, vao, and orange-green, vaoR, alleles in transformed (trf/trf 

mutants in C. heterophylla follows a similar path as the reversion of hcfl 06 gene in corn 

(Phoetig, 1990). The combined progenies of selfed and intercrossed Vao-trf-act/vao-trf- 

Act and Vao-trf-act/vaoR-trf-Act transformed (trf plants segregated into four classes in a 

ratio indicating the vao-trf-Act linkage (see p.5). In progenies of individual cultures of 

this test, no consistent crossing-over values could be ascertained because the vao to vao' 

and vaoR to vao™ reversions require DNA methylation of the (vao,vaoR)-trf-Act segment, 

which is facilitated by the TeT that is derived from TeT whose rate of transcription, 

conversion and transposition is determined by the methylation status of genes regulating 

the developmental phase changes (these rates change as the plant grows). In the 

vao'trfAct/vao'trfAct and vao™trfAct/vao™trfAct plants (group 47 plants, p.5) the vao' and 

vao™ reversions are observable (green colored leaves on orange plants brought about by 

action of vao'/vao1 and vao™/vao™ genotypes); whereas in the Vaotrfact/vao'trfAct and 

Vaotrfact/vao™trfAct plants (412 plants, p.5) the action of the vao' and vao™ alleles is 

suppressed by the dominant Vao (all green) allele in all heterozygous Vao/vao' and 
Vao/vao™ plants of this group. 
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Transformed (trf) plants that produce, upon self-fertilization, only transformed offspring, 

are most commonly grown from seeds collected from branches at the cotyledonous and 

the lowermost stem nodes {trf '4). The population size of thirty-nine offspring of a self- 

fertilized transformed plant (the highest number recorded, culture h96308, Table 1) does 

not necessarily establish a pure breeding trf/trf line. Plants that bore only “incomplete 

flowers” in cones and plants carrying only transformed flowers even on the branches of 

the cotyledonous node (few have been observed) may have been genetically stable, fully 

transformed trf/trf Act/Act Telal- individuals, but this could not be experimentally 

confirmed, because they were sterile. Most of the transformed mutants (trf) form some 

wild-type fertile flowers on lower branches. In a transformed (trf) plant exhibiting 

maroon pigmented leaves, at, e.g., the 6th stem node and up, the Tel'1 to Tela conversion, 

the Act methylation, and the reactivation of Mp genes occurs at that point - this plant will 

produce wild-type fertile {trf) flowers on branches of 4th and lower nodes, and 

transformed (trf) flowers on the branches of the 5th and all higher nodes, and in the 

inflorescence of the main stem. 

In progenies of crosses between transformed plants {trf x trf), the parent with lower seed 

collection number {trf) seem to exert a greater influence on determination of the 

transformation level (earliest occurrence of maroon leaves) of the offspring than the 

parent with higher seed collection number; e.g. a cross trf x trf would most likely 

produce a progeny similar to the offspring of a self-fertilized trf plant. Segregation 

ratios in progenies of the selfed and intercrossed revertant {trf) plants were, 

understandably, most unpredictable - they were grown from a mixture of seeds collected 

from any or all branches (bottom to top) and inflorescence of the main stem. Using the 

same criteria (different rates of Tel'1 to TeT conversion and transcription along growing 

stem, methylation status of factors controlling developmental phase changes) applied in 

the analyses of progenies of selfed and intercrossed transformed (trf) plants, one can 

meaningfully interpret the segregation pattern of rr/selfings and intercrosses. Although 

several self-fertilized revertant {trf) plants produced progenies composed of revertant 

offspring only (maximum 33 in cultures h95131 and h98351. Table 2), no stable pure 

breeding trf/trf line has yet been established. The hybridization of revertant and 

transformed {trf x trf and trf x trf) plants produced progenies that segregated in similar 

manner as progenies of selfings of the revertant {trf) and transformed {trf) mutants 

themselves. The specific effects the methylation has on DNA of the coding genes (they 

are silenced when gaining methyl groups) versus the DNA of transposable elements (they 

are activated by demethylation) and the influence the developmental phase change has on 

the TeT to TeT shift and the Act methylation provides for a many faceted interplay in 

regulating the phenotypic expression of Mp, vao, and trf genes. 

SUMMARY 

The transformer {trf) gene modifying all floral parts, rendering the flower sterile, exerts a 

powerful activating and deactivating influence on a factor controlling maroon 

pigmentation and orange variegation {vao, vaoR) genes located in its neighborhood on the 

same stretch of DNA. The activation of these genes, including the trf itself, is 

conditioned by the methylation status of the activator {Act) gene, which is linked with the 

vao-trf group, and by an independent transposable element {Tel) which shifts from the 

nonfunctional {TeT) to the active {TeT) form with variable frequencies, depending on the 
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level of the developmental phase in which the specific section of the shoot happens to be. 

Unequal hampering of any step in the process of methylation of DNA of the vao-trf-Act 

segment along the growing shoot, may be the basis for a disproportional distribution of 

individuals in phenotypic classes of cultures grown from seeds collected at different 

levels (nodes) of the stem - that is why, in genetic testing neither statistically acceptable 

typical segregation ratios for transformed (trf) vs. revertant (trf) phenotypic classes, nor 

reliable crossing-over values for the genes involved, could be obtained. 

Transcription and conversion of the nonfunctional transposable element (TeF) to the 

active form Tela, the transposition of the latter, as well as the methylation of DNA of the 

vao-trf-Act segment appear to be affected by the developmental phase changes, 

conditioned, apparently, by the DNA methylation status of regulator genes. Because the 

active transposable element Tela, which predisposes DNA methylation of the vao-trf-Act 

segment, is produced from nonfunctional TeF in mitotically dividing cells of the somatic 

tissue, the variants - maroon-leaved adult plants (Mp), green-leaved orange plants 

(vao',vao'R), and plants with transformed (trf) as well as wild-type revertant (trf) flowers 

- may be referred to as heritable soma-controlled traits. 

LITERATURE CITED 

Abrams, L. and R. S. Ferris. 1960. Illustrated Flora of the Pacific State. V.3. Stanford University 
Press, Stanford University, CA. 

Gorsic, J. 1957. The Genus Collinsia. V. Genetic studies in C. heterophylla. Bot. Gaz. 118:208- 
223. 

Gorsic, J. 1974. Polycotyledony and morphogenesis of the inflorescence and flower in Collinsia 
heterophylla.. Ill. State Acad. Sci., Transactions 67:105-113. 

Gorsic, J. 1994. Inheritance of eleven new variants of Collinsia heterophylla. Jour. Her. 85:314- 
318. 

Gorsic, J. 2000. Green alba variant of the orange variegation mutant of Collinsia heterophylla. Ill. 
State Acad. Sci., Transactions 93:253-260. 

Gorsic, J. and K. Kerby. 1996. Inheritance of variegation in Collinsia heterophylla. Ill. State Acad. 
Sci., Transactions 89:7-19. 

Hannon, G.J., 2003. RNAi: A Guide to Gene Silencing. Cold Spring Harbor Laboratory Press, Cold 
Spring Harbor, NY, 2003, 444p. 

Hiorth, G. 1930. Genetische Versuche mit Collinsia bicolor. I. Zeitschr. Ind. Abst. Vererb. 55:127- 
144. 

Kunze, R., H. Saedler, & W.W. Losing. 1997. Plant transposable elements. Adv. Bot. Res. 27:331- 
470. 

Martienssen, R.A. and Vincent Colot. 2001. DNA methylation and epigenetic inheritance in plants 
and filamentous fungi. Science 293:1070-1074. 

Phoethig, R. Scott. 1990. Phase change and regulation of shoot morphogenesis in plants. Science 
250:923-930. 



189 

Table 1. Segregation in progenies of self-fertilized and 

transformed (trf) mutants of C. heterophylla. 

intercrossed maroon-leaved 

Cultures Plant Phenotype 

Parent(s) 

phenotype 

Revertant 

trf, green 

Transformed 

trf, maroon Total 

h9382,3 h9247-l trf Trf/trf 10 4 14 

h94251 h9382-3 trf2 trf 20 7 27 

h94256 h9383-9 trf0 trf 6 9 15 

h95146,7,8 h94252-l trf trf°xtrf2 5 64 69 

h96238,9 h95119-3 trf trfxtrf 8 3 11 

243 119-6 trf 
66 23 20 43 

249 h95126-1 trf trfxtrf0 10 15 25 

253 126-15 trf 66 5 8 13 

256 126-20 trf trfxtrf 11 10 21 

265 h95137-7 trf 
66 2 8 10 

270 137-8 trf3 66 21 8 29 

271 137-19 trf 
66 8 16 24 

277 h95141-7 trf 
66 1 23 24 

281,2,3 h95146-6 trf trf 23 77 100 

284 146-9 trf 
66 9 10 19 

286 146-11 trf 
66 3 27 30 

287 146-18 trf u 2 18 20 

288 146-23 trf 
66 4 24 28 

293 146-31 trf 
66 0 8 8 

295 146-33 trf 
66 11 9 20 

299 h95148-13 trf 66 12 25 37 

301 148-20 trf 
46 9 23 32 

305 148-30 trf 
66 5 48 53 

307 148-32 trf0'* 66 0 11 11 

308 148-46 trf 66 0 39 39 

315 h95153-5 trf trf°xtrf 0 9 9 

316 153-7 trf 
66 9 3 12 

317 153-9 trf 
66 13 6 19 

h97161 h96302-13 trf trfxtrf 3 12 15 

163 303-19 trf 
66 7 17 24 

165 h96305-2 trf trf 0 19 19 

166 305-7 trf 
66 7 16 23 

170,1 h96306-15 trf trfxtrf 5 11 16 

177 h96308-24 trf trf 2 23 25 

h98367 h96253-10 trf trf 0 10 10 

387 h96317-9 trf trf 1 10 11 

h94252,3 h9382-3x83-9 trf2xtrf° trf 8 9 17 

h96242 h95119-5x119-6 trf2xtrf trfxtrf 7 16 23 

285 h95146-9x146-6 trfxtrf trf 5 10 15 

289 146-23x146-6 trfxtrf 
66 1 6 7 

292 146-28x146-9 trfxtrf 
66 6 33 39 

294 146-31x148-1 trfxtrf 
66 0 18 18 

306 h95148-31x148-1 trfxtrf 
66 10 27 37 

* cot = cotyledon node 
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Table 2. Segregation in progenies of self-fertilized and intercrossed phenotypically wild- 
type revertant, trf, mutants of Collinsia heterophylla. 

Cultures Plant Phenotype 
Parent(s) 

phenotype 
Revertant 
trf, green 

Transformed 
trf, maroon Total 

h94152 h9383-5 trf trf 12 0 12 
h94258 h9385-8 44 44 14 0 14 
h95131 h94253-l 44 trfxtrf0 33 0 33 
h96250 h95126-2 44 trfxtrf 21 0 21 
h97179 h96310-17 44 trf0 xtrf 18 0 18 
h98351 h96191-15 44 trfxtrf 33 0 33 
Totals 131 0 131 
h95121 h94249-3 trf 

O
 

'
'
b

 

X
 28 3 31 

129 250-9 44 trfxtrf 56 6 62 
132 253-1x253-12 trfxtrf trf0 xtrf0 32 4 36 
138 253-12 trf 44 27 3 30 
h96255 h95126-18 44 trfxtrf2 20 1 21 
272 137-16 44 trfxtrf 20 2 22 
280 141-10 44 44 20 1 21 
462 376-2 44 44 40 6 46 
463 376-7 44 44 27 2 29 
464 376-10 44 44 46 2 48 
h97169 h96306-12 44 trfxtrf 27 1 28 
Totals 343 33 376 
h95127 h94250-l 44 trfxtrf 19 6 25 
143 254-4 44 trfxtrf0 29 11 40 
151 253-2 44 trf0 xtrf0 17 3 20 
h96240 h95119-4 44 trfxtrf 14 6 20 
252 126-11 44 trfxtrf2 18 3 21 
262 137-3 44 trfxtrf 19 3 22 
267 137-12 44 44 12 4 16 
269 137-16 44 44 40 13 53 
273 137-31 44 44 21 3 24 
310 h95149-3 44 trf0 xtrf 20 3 23 
h97178 h96309-9 44 

trf 18 4 22 
Totals 227 59 286 
h95134 h94253-6x253-14 trf xtrf trf0 xtrf0 18 11 29 
135 253-9 trf 

44 18 15 33 
137 253-11x253-12 trfxtrf 44 11 16 27 
139 253-14 trf 

44 16 15 31 
140 h94254-1x254-3 trfxtrf 

o
 

"
b

 

X
 16 15 31 

141 254-1x254-6 44 44 4 7 11 
142 254-3 trf 

44 19 10 29 
145 254-3 44 44 27 21 48 
h96240 h95119-7 44 trfxtrf 41 20 61 
261 136-24 44 

trf 9 7 16 
h97159 h96301-6x301-7 trfxtrf trf 9 7 16 
160 301-7 trf 

44 9 5 14 
Totals 197 149 346 
h95136 h94253-l 1 trf trf0 xtrf0 6 21 27 
h96257 253-11 44 44 19 24 43 
296 h95146-35 44 trf 7 23 30 
Totals 32 68 100 
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Table 3. Segregation in progenies of self-fertilized green revertant trfr plants and crosses 
between revertant (fr/r) and transformed (trf) mutants of Collinsia heterophylla. 

Revertant Transformed 
Cultures Plants Phenotypes Parents’ phenotypes trf green trf, maroon Total 

h94249 h9382-lx83-9 trfxtrf0 trf 6 9 15 

250 82-1x207-13 trfxtrf trf 13 3 16 

259 85-8x85-7 trfxtrf0 trf 11 0 11 

h95122 h94249-3x252-1 trfxtrf trfxtrf trf2xtrf3 4 6 10 

123 249-5x252-1 trfxtrf trfxtrf trf2xtrf3 19 7 26 

124 249-13x250-12 trfxtrf0 trfxtrf trfxtrf0 16 10 26 

125,6 249-13x252-1 trfxtrf trfxtrf trf2xtrf3 12 38 50 

128 h94250-4x250-l trf2xtrf trfxtrf 22 5 27 

130 250-9x250-12 trfxtrf2 trfxtrf0 X
 o

 
6 1 7 

133 253-6x253-10 trfxtrf0 trf2xtrf° trf2xtrf° 12 7 19 

144 254-6x250-12 trfxtrf2 trfxtrf0 trfxtrf0 23 13 36 

150 253-4x253-2 trf2xtrf trf2xtrf° trf2xtrf° 15 2 17 

152 254-2x254-6 trfxtrf trfxtrf0 trfxtrf0 1 6 7 

153 256-7x252-1 trfxtrf trf0 trf2xtrf° 2 27 29 

h96245 h95119-7x119-6 trfxtrf trfxtrf trfxtrf 2 7 9 

246 122-9x122-8 trfxtrf trfxtrf trfxtrf 6 7 13 

260 136-12x136-15 trfxtrf trf trfxtrf 4 15 19 

274 137-31x137-18 trfxtrf0 trfxtrf trfxtrf 7 1 8 

302 148-25x146-11 trfxtrf trf trf 5 15 20 

303 148-25x148-30 trfxtrf trf trf 8 20 28 

309 h95149-1 trf trf°xtrf 7 3 10 

310 149-3 trf trf°xtrf 20 3 23 

314 151-23x268-24 trf2xtrf trf trf 17 0 17 

319 153-10x153-17 trfxtrf trfxtrf trfxtrf 25 3 28 

320 153-10x153-26 trfxtrf trfxtrf trfxtrf 17 6 23 

321 153-10x153-24 trfxtrf trfxtrf trfxtrf 9 8 17 

322 h95153-10xl96-21 trfxtrf trfxtrf trf 12 1 13 

h97179 h96310-17 trf trf°xtrf° trf°xtrf 18 0 18 

h98149 h96237-6x253-9 ■a, X
 o

 

trfxtrf trf 10 1 11 



192 

Figures 1-6. Transformed, trf mutants of Collinsia heterophylla. 

Fig. 1. Wild-type with maroon patches on 
juvenile leaves. 

Fig. 2. Wild-type, normal flowers with 
maroon dots. 

Fig. 3. Transformed, trf leaves maroon 
from 4th, 6th node up. 

Fig. 4. Transformed, trf,: “cone” with 
“incomplete flowers.” 

Fig. 5. Transformed, trf sterile transformed 
(trf) flowers. 

Fig. 6. Transformed, trf branch with trf 

flowers (left), branch with trf flowers 
(right). 
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Figure 7. Reproductive maturation level and transformation of flowers in transformed 

(.trf) mutant (h9383-9) in Collinsia heterophylla. 

2L “ 2 leaves per node 
3L = 3 leaves per node 
a,b,c = primary branches 

«= branch tip 

O - normal trfr fertile flower 

# = transformed trf sterile flower 
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Figures 8-13. Transformed, trf\ and orange variegation (vao, vaoR) mutants of Collinsia 

heterophylla. 

Fig. 8. Transformed, trf maroon leaves at 
2nd, 3rd nodes up. 

Fig. 9. Transformed, trf. maroon leaves at 
11th node and up. 

Fig. 10. Transformed, trf. maroon bracts in 
reproductive phase. 

Fig. 11. Transformed, trf. orange, vao: from 
3rd node leaf and up green, vao’. 

Fig. 12. Transformed, trf: 2nd node leaf 
orange, vao\ 3rd light green, 4th dark green 
(3rd, 4th vao*). 

Fig. 13. Leaves, left to right: maroon, orange 
green vaoR, transformed orange vao'. 
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Figures 14-19. Phenotypes of Collinsia plants: 

Figs. 14-17. C. heterophylla, Figs. 18-19. C. verna. 

Fig. 14. Transformed, trf left to right, 4th 
node vaoR, 5 th and 6th node leaf pairs vao,R. 

Fig. 15. Transformed, trf left to right, 2nd 
node vaoR, 3rd and 4th node and up vao'R. 

Fig. 16. Transformed, trf lateral actinomor- 
phic flowers, trf/trf sf/sf klp/klp kn/kn geno¬ 
type. 

Fig. 17. Left-upper lip: Md, Uc, Ud, Ur, 

middle and right - Wf keel flower forma¬ 
tion. 

Fig. 18. C. verna: leaves without and with 
maroon patches. 

Fig. 19. C. verna flowers: keel fl.; without 
and with maroon. 
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ABSTRACT 

Long Branch Nature Preserve, Mason County, Illinois is located in the Illinois River sand 

deposits in the central part of the state. Located on a large stabilized dune, 18 ha of the 

Preserve is dominated by a mature dry sand prairie community along with small 

savanna/woodland community. In the dry sand prairie community Schizachyrium 

scoparium (Michx.) Nash had the highest importance value (IV of 55.7 out of 200), fol¬ 

lowed by Ambrosia psilostachya DC. (IV of 28.5), and Opuntia humijusa (Raf.) Raf. (IV 

of 19.0). The savanna/woodland community was dominated by Quercus marilandica L. 

(IV of 180.7) followed by Q. velutina Lam. A total of 251 vascular plant species were 

found on the Preserve including six fern and fern-allies, three gymnosperms, 171 dicots, 

and 71 monocots. Forty-two non-native species were found, comprising nearly 17% of 

the flora. The Preserve had a Floristic Quality Index of 48.76 an indication of its high 

natural quality. 

INTRODUCTION 

Prairie vegetation was common in Illinois at the time of European settlement and covered 

about 60% of the state (Iverson et al. 1991). Most was tail-grass, black soil prairie that 

occurred in the prairie peninsula of northeastern Illinois (Transeau 1935, Schwegman 

1973, Ebinger and McClain 1991). Depending upon soil and topography, other prairie 

types were common, including loess hill prairies, glacial till prairies, sand prairies, and 

gravel prairies (Schwegman 1973). Sand prairies were relatively common in the northern 

half of Illinois, most occurring on outwash plains that resulted from erosional events 

associated with Wisconsin glaciation (Willman and Frye 1970, King 1981). 

Two extensive sand regions are the Kankakee sand deposits of northeastern Illinois, and 

the Illinois River sand deposits in the central part of the state (Gleason 1910, Schwegman 

1973). The Kankakee sand deposits were formed when glacial lakes drained about 14,500 

years ago after glacial moraines were breached, resulting in the Kankakee Torrent (Will- 

man 1973). The Illinois River sand deposits were formed when waters of the Kankakee 

Torrent slowed as they entered the broad lowlands of the Illinois River below present day 

Hennepin. 
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The structure and composition of forest, woodland, and savanna communities of the Illi¬ 

nois River sand deposits have been studied by various workers (Jenkins et al. 1991, 

Coates et al. 1992, McClain et al. 2002). Also, Rodgers and Anderson (1979) examined 

presettlement vegetation, while Anderson and Brown (1983, 1986) determined effects of 

fire on sand savannas and adjacent forest. Since the studies of Gleason (1910) little 

information is available concerning the structure and composition of ground layer vege¬ 

tation of the sand deposits. The only information available are studies of the dry sand 

prairie remnants at the Henry Allan Gleason Nature Preserve (McClain et al. 2005), and 

wetland sand communities at Matanzas Prairie Nature Preserve (Feist et al. 2005). The 

present study was undertaken to determine vascular plant species composition, vegetation 

structure, and floristic quality of major plant communities at Long Branch Nature Pre¬ 

serve (LBNP) and associated sand prairie remnants nearby. 

DESCRIPTION OF THE STUDY SITE 

LBNP is located in southwestern Mason County, about 8 km south of Havana, Illinois 

(NW1/4 S31 T21N R8W). Dedicated in 1989, this Preserve lies within the Illinois River 

Section of the Mississippi River and Illinois River Sand Area Natural Division (Schweg- 

man 1973). This 38 ha Preserve is situated on a large dune, and though once grazed, an 

18 ha section of the dune had never been subjected to major disturbances. The remainder 

of the Preserve had been farmed and about 4 ha had been planted to pines that have since 

been removed. The 18 ha dry sand prairie was designated "grade B" by the Illinois Natu¬ 

ral Areas Inventory (White 1978). The soils are excessively drained Plainfield sands 

(Calsyn 1995) that are part of the dune and swale topography known as the Parkland 

Formation (Willman and Frye 1970). 

LBNP has a continental climate with warm summers and cold winters. Based on weather 

data from Havana, mean annual precipitation is 96.0 cm, with May having the highest 

rainfall (11.3 cm). Mean annual temperature is 10.8°C with the hottest month being July 

(average of 24.6°C), and the coldest January (average of -5.0°C). Frost-free days range 

from 140 to 206, with the average being 173 day per year (Midwestern Regional Climate 

Center 2002). 

METHODS 

Between 1991 and 2003 the LBNP has been visited by scientists from the Illinois Natural 

History Survey. During these visits voucher specimens were collected, identified, and 

deposited in the herbarium of the Illinois Natural History Survey, Champaign, Illinois 

(ILLS), and the Stover-Ebinger Herbarium, Eastern Illinois University, Charleston, Illi¬ 

nois (EIU). Determination of non-native species followed Mohlenbrock (2002) and Glea¬ 

son and Cronquist (1991). Nomenclature follows Mohlenbrock (2002) while the commu¬ 

nity classification follows those of White and Madany (1978). 

In late summer of 2003 six 25 m transects were located randomly along cardinal compass 

directions in the dry sand prairie of the LBNP. Along each transect, 1 m2 quadrates were 

spaced at 1 m intervals (n=25/transect), odd-numbered quadrates to the right, even-num¬ 

bered quadrates to the left. A random numbers table was used to determine the number of 

meters (0 to 9) the quadrate was located from the transect line. Species cover was deter- 
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mined using the Daubenmire cover class system (Daubenmire 1959) as modified by Bai¬ 

ley and Poulton (1968). Importance value (IV) for ground layer species was determined 

by summing relative cover and relative frequency. In late summer of 2001 three sites 

were surveyed on private property just north of the Preserve, two mature dry sand prairie 

remnants (150 plots), and a disturbed dry sand prairie remnant (50 plots). The same pro¬ 

cedure described above was used except the quadrates were 1/4 m2. These sites on private 

land were studied as they contained some dry sand prairie remnants that differed from 

those found on the LBNP. 

During the early summer of 2001, a 25 m by 50 m section of open woods along the north 

edge of LBNP was surveyed. In this small woodland all living woody individuals >10.0 

cm dbh were identified and the diameters recorded. From this data, the living-stem den¬ 

sity (stems/ha), basal area (m2/ha), relative density, relative dominance, importance value 

(IV), and average diameter (cm) were calculated for each species. Determination of the 

IV follows the procedure used by McIntosh (1957), and is the sum of the relative density 

and relative dominance (basal area). 

The Floristic Quality Index (FQI) was determined using the coefficient of conservatism 

(CC) assigned to each species by Taft et al. (1997). The CC was determined by assigning 

each species an integer from 0 to 10 based on the species tolerance to disturbance and its 

fidelity to habitat integrity. Therefore, the FQI is a weighted index of species richness (N 
= number of species present), and is the arithmetic product of the average coefficient of 

conservatism (C-Value = the average of all species CC's) multiplied by the square root of 

the species richness (VN) of an inventory site: FQI = C-Value (VN). For relatively small 

areas that are intensively studied, the FQI gives a rapid means of comparison and an indi¬ 

cation of the floristic integrity of the site. Using the FQI along with other floristic meas¬ 

ures, such as quadrat-based sampling methods, provides a method of making compari¬ 

sons among sites. Prairies with an FQI of 35 or higher are considered good quality natural 

areas (Taft et al. 1997). 

RESULTS 

A total of 251 vascular plant species within 179 genera and 69 families were documented 

for LBNP. Of these, six were fern and fern-allies, three gymnosperms, 171 dicots in 131 

genera and 55 families, and 71 monocots in 41 genera and eight families (Appendix I). 

Forty-two non-native (exotic) species were encountered, about 17% of the species pre¬ 

sent. One threatened species, Cyperus grayoides, was encountered (Herkert and Ebinger 

2002). The predominant plant families were the Poaceae with 39 species, the Asteraceae 

with 35 species, and the Cyperaceae with 19 species. 

Mature dry sand prairie communities 
Of the species found on the LBNP, 45 were present in the 150 quadrats sampled. Of these 

taxa Schizachyrium scoparium (little bluestem) was most important, having a frequency 

of 93%, an average cover of 26.77, and an IV of 55.7 (Table 1). Also common, Ambrosia 

psilostachya (western ragweed) was second with an IV of 28.5, while Opuntia humifusa 

(common prickly pear) was third with an IV of 19.0. Overall, five native prairie species, 

that are typical components of dry sand prairies, had IV's greater than 10. All would be 

expected in good quality dry sand prairie communities in Illinois. No exotic species were 
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encountered in the plots, and none were observed in the general area of the transects. The 

FQI for this site was 48.76 with a mean C-Value of 3.084 when all native and exotic spe¬ 

cies were included in the calculations. 

In mature sand prairie remnants just north of LBNP on private land, similar results were 

obtained. In the larger of these remnants (Dry Sand Prairie #1), about 3 ha in size, the 

same dominants were present, little bluestem having an IV of 73.9, followed by western 

ragweed (IV of 35.1), with common prickly pear being third (IV of 22.7) (Table 1). Most 

of the subordinate species were the same as in the LBNP mature sand prairie. One non¬ 

native species was encountered, Rumex acetosella (sour dock), with an IV of 3.5 (Table 

1). On the second sand prairie remnant, also on private land and about 0.5 ha in size, the 

same three species were among the dominants, but Helianthus occidentalis (western sun¬ 

flower) was second with an IV of 37.1, followed by western ragweed and common 

prickly pear (Table 1). 

Disturbed dry sand prairie community 

A disturbed sand prairie community that still contained much of its natural character was 

sampled. This community on private land just north of LBNP, was about 3 ha in size, had 

been disturbed by past grazing and probably off-road vehicles. Clumps of Rhus aro- 

matica (fragrant sumac) and successional trees and shrubs dominated this site. Western 

ragweed (IV of 32.5) and common prickly pear (IV of 31.6) were important components, 

but Conyza canadensis (horseweed) with an IV of 36.7 was dominant, while Eragrostis 

trichodes (thread love grass), with an IV of 31.7 was third (Table 1). No non-native spe¬ 

cies were encountered in the plots. 

Savanna/woodland communities 

The small woodlots on LBNP had closed canopies, but trees became scattered and the 

canopy open near woodland edges. In the small remnant studied, Quercus marilandica 

(blackjack oak) dominated with an IV of 180.7 (Table 2). Quercus velutina (black Oak) 

was also present, and was also scattered throughout the dry sand prairie. 

DISCUSSION 

Though 42 non-native, adventive species were collected, most were restricted to distur¬ 

bances at the edges of the Preserve, in the recently removed pine plantation, or the fallow 

field on the southern half of the Preserve. One exotic species was found in the study 

plots, sour dock, which is a pervasive species in most Illinois sand prairies. The fallow 

field also contained some woody species, most of which were exotics or invasive native 
species. 

Dry sand prairie at LBNP is very similar to that at Henry Allan Gleason Nature Preserve 

22 km to the northeast in northern Mason County, Illinois (McClain et al. 2005). Three of 

the top four dominants were the same with little bluestem dominant and western ragweed 

and common prickly pear important subdominants. Tephrosia virginiana (goat's-rue) was 

second in IV at Gleason Nature Preserve but was not found in the plots at LBNP. This 

species is rare at LBNP and had a clumped distribution (Table 1). 
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Gleason (1910) referred to dry sand prairie communities as the bunch-grass association. 

At LBNP the dry sand prairie was dominated by 20-40 cm clumps of little bluestem. 

Nearly circular in outline these clumps formed a dense mass through which few other 

species could grow. Mostly, other species grew in spaces between clumps. The lack of 

exotic species between these clumps, the high FQI, the high species diversity, and the 

large number of conservative prairie species present, indicate that the mature dry sand 

prairie remnant at the LBNP is of high natural quality. 
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Table 1. Relative cover and importance values of ground layer species encountered in 

prairie communities at Long Branch Nature Preserve and adjacent private 

ground just north of the Preserve. 

LBNP Private Property North of LBNP 

Species 

Dry Sand Prairie 
(n=100) 

Avg. 
Cover I.V. 

Dry Sand Prairie 
#1 (n=100) 

Avg. 
Cover I.V 

Dry Sand Prairie 
#2(n=50) 

Avg. 
Cover I.V. 

Disturbed Sand 
Prairie (n=50) 
Avg. 
Cover I.V. 

Schizachyrium scoparium 26.77 55.7 26.68 73.9 23.38 57.8 — — 

Ambrosia psilostachya 10.81 28.5 9.42 35.1 9.07 30.0 9.74 32.5 
Opuntia humifusa 5.74 19.0 5.86 22.7 4.53 17.1 9.13 31.6 
Leptoloma cognatum 5.89 16.3 1.01 4.8 0.07 0.8 0.30 1.0 
Calamovilfa longifolia 2.43 10.6 — — — — 0.36 1.4 
Dichanthelium 

1.37 6.8 1.32 8.7 3.61 15.1 3.66 14.4 
villosissimum 

Conyza canadensis 0.85 6.5 1.15 12.5 0.96 9.6 10.77 36.7 
Carex muhlenbergii 0.34 6.2 0.42 3.7 0.35 4.2 1.17 10.5 
Crotonopsis linearis 0.19 5.0 0.07 2.9 0.11 4.1 0.02 0.8 
Aristida tuberculosa 0.61 4.9 0.32 3.8 — — 0.03 1.2 
Commelina erecta 0.24 3.6 — — — — -- — 

Cyperus lupulinus 0.22 3.5 0.06 1.4 — — -- — 

Cyperus schweinitzii 0.31 3.4 0.09 3.0 — — 0.15 2.1 

Chamaechrista fasciculata 0.31 3.2 0.03 1.2 0.02 0.8 — — 

Euthamia gymnospermoides 0.78 2.9 — — — — -- — 

Carex tonsa 0.21 2.2 0.03 0.3 — — 0.84 3.7 

Lespedeza capitata 0.28 2.2 — — — — — — 

Cyperus grayoides 0.10 1.5 — — — — — — 

Eragrostis spectabilis 0.41 1.5 0.34 1.8 0.07 0.8 0.06 0.5 

Panicum virgatum 0.63 1.5 — — — — — — 

Paspalum bushii 0.32 1.5 0.52 3.3 0.12 0.9 2.17 10.0 

Croton glandulosus 0.07 1.4 0.03 1.1 0.04 1.5 0.06 2.1 

Rhus aromatica 0.62 1.3 — — — — — — 

Eragrostis trichodes 0.25 1.2 1.40 5.1 1.63 5.7 8.82 31.7 

Oenothera rhombipetala 0.06 1.2 0.09 3.0 1.23 6.0 0.87 8.1 

Froelichia floridana 0.07 1.1 0.18 1.9 0.03 1.2 0.12 2.7 

Antennaria plantaginifolia 0.03 0.9 — — — — — — 

Chrysopsis camporum 0.22 0.7 0.38 1.2 — — 0.30 1.0 

Hieracium longipilum 0.04 0.7 — — — — — — 

Andropogon gerardii 0.14 0.5 — — — — — — 

Polygonum tenue 0.02 0.5 -- — 0.02 0.7 — — 

Pseudognaphalium 0.02 0.4 0.20 2.3 0.07 0.8 0.36 1.4 
obtusijohum 

Solidago speciosa 0.05 0.4 — — — — — — 

Heterostipa spartea 0.04 0.4 — — — — — — 

Triplasis purpurea 0.03 0.4 0.02 0.6 0.01 0.4 0.01 0.4 

Ascelpias hirtella 0.10 0.3 — — — — — — 

Baptisia bracteata 0.10 0.3 — — — — — — 

Brickellia eupatorioides 0.03 0.3 — — — — — — 

Lactuca canadensis 0.03 0.3 — — — — 0.06 0.5 

Liatris aspera 0.03 0.3 — — — — — — 

Phlox bifida 0.01 0.3 — — — — — — 

Sorghastrum nutans 0.03 0.3 — — — — — — 

Chamaesyce geyeri 0.01 0.1 — — 0.02 0.8 — — 

Chenopodium desiccatum 0.01 0.1 — — — — 0.01 0.4 
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Table 1. continued 

LBNP Private Property North of LBNP 
Dry Sand Prairie Dry Sand Prairie Dry Sand Prairie Disturbed Sand 

Species 

(n=100) 
Avg. 

Cover I.V. 

#1 (n= 
Avg. 
Cover 

400) 

I.V 

#2 (n= 
Avg. 
Cover 

=50) 

I.V. 

Prairie (n=50) 
Avg. 
Cover I.V. 

Poinsettia dentata 0.01 0.1 — — — — — — 

Rumex acetosella — — 0.32 3.5 — — — — 

Euphorbia corollata -- — 0.22 1.5 — — — — 

Teucrium canadense — -- 0.04 0.7 — — — — 

Helianthus occidentalis — — — — 12.02 37.1 — — 

Fallopia cristatum — — -- — 0.22 2.9 — — 

Koeleria macrantha — — — — 0.36 1.3 — — 

Lithospermum croceum — — — — 0.01 0.4 — — 

Tephrosia virginiana — — — — — — 1.38 5.3 

Totals 60.83 200.0 50.20 200.0 57.95 200.0 50.39 200.0 

Average bare ground 42.45 44.85 38.90 59.45 

Table 2. Density (#/ha), basal area (m2/ha), relative values, and importance values of 

woody species in a small woodland at the north edge of Long Branch Nature 

Preserve, Mason County, Illinois 

Avg. 

Species 

Density Basal Area 

(#/ha) (m2/ha) 

Relative 

Density 

Relative 

Dominance 

Importance 

Value 

Diam. 

(cm) 

Quercus marilandica 256 15.256 88.9 91.8 180.7 24.6 

Quercus velutina 16 1.064 5.7 6.4 12.1 25.0 

Juniperus virginiana 8 .208 2.7 1.3 4.0 18.1 

Prunus serotina 8 .088 2.7 0.5 3.2 11.6 

Totals 288 16.616 100.0 100.0 200.0 
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APPENDIX I. 

Vascular plant species encountered at Long Branch Nature Preserve, Mason County, Illi¬ 

nois, listed alphabetically by family in major plant groups. An asterisk indicates non¬ 

native species. John E. Ebinger (E) collections are deposited in the Stover-Ebinger Her¬ 

barium, Eastern Illinois University, Charleston, Illinois (EIU). Loy R. Phillippe (P) col¬ 

lections are deposited in the Illinois Natural History Suurvey Herbarium, Champaign, 

Illinois (ILLS). 

FERN AND FERN-ALLIES 
Aspleniaceae 
Aspleniumplatyneuron (L.) Oakes PI3288 

Dryopteridaceae 
Woodsia obtusa (Spreng.) Torr. E30370 

Equisetaceae 
Equisetum hyemale L. PI3421 
Equisetum laevigatum A. Br. P33301 

Ophioglossaceae 
Botrychium virginianum (L.) Sw. PI3162 

Thelypteridaceae 
Thelypteris palustris Schott PI 3309 

GYMNOPSERMAE 
Cupressaceae 
Juniperus virginiana L. PI3300 

Pinaceae 
*Pinus banksiana Lamb. PI3327 
*Pinus sylvestris L. E31198 

DICOTS 
Acanthaceae 
Ruellia humilis Nutt. PI3279 

Aceraceae 
Acer negundo L. PI3073 

Amaranthaceae 
Amaranthus albus L. PI3640 
Froelichia floridana (Nutt.) Moq. PI3555 
Froelichia gracilis (Hook.) Moq. PI3433 

Anacardiaceae 
Rhus aromatica Ait. E28425 
Toxicodendron radicans (L.) Kuntze 

P13561 

Apiaceae 
Osmorhiza longistylis (Torr.) DC. PI3291 
Sanicula canadensis L. PI3289 

Apocynaceae 
Apocynum cannabinum L. P33296 
Apocynum sibiricum Jacq. PI3299 

Asclepiadaceae 
Ampelamus albidus (Nutt.) Britt. PI3414 
Asclepias amplexicaulis Small PI3274 
Asclepias hirtella (Pennell) Woodson 

PI3314 
Asclepias syriaca L. PI3315 
Asclepias verticillata L. PI3419 

Asteraceae 
* Achillea millefolium L. E31399 
Ageratina altissima (L.) King & Robins. 

PI3647 
Ambrosia artemisiifolia L. E29188 
Ambrosia psilostachya DC. E29208 
Antennaria plantaginifolia (L.) Hook. 

E28416 
Arnoglossum atriplicifolia (L.) H. Robins. 

P13416 
Aster ericoides L. E29411 
Aster oblongifolius Nutt. PI 3629 
Aster pilosus Willd. E29412 
Bidens bipinnata L. E29201 
Bidens comosa (Gray) Wieg. E29185 
Bidens connata Muhl. P31290 
Brickellia eupatorioides (L.) Shinners 

P13566 
Chrysopsis camporum Greene PI3319 
Cirsium discolor (Muhl.) Spreng. PI3613 
Conyza canadensis (L.) Cronq. E29209 
Coreopsis lanceolata L. PI3310 
Erigeron annuus (L.) Pers. PI3278 
Erigeron strigosus Muhl. E28621 
Eupatorium serotinum Michx. E30371 
Euthamia graminifolia (L.) Nutt. P31291 
Euthamia gymnospermoides Greene E29196 
Helianthus occidentalis Riddell E28836 
*Helianthuspetiolaris Nutt. PI3626 
Heliopsis helianthoides (L.) Sweet PI3646 
Hieracium longipilum Torr. PI3554 
Krigia virginica (L.) Willd. P13140 
Lactuca canadensis L. PI3553 
Liatris asp era Michx. PI 3603 
Pseudognaphalium obtusifolium (L.) 

Hilliard & Burtt E29206 
Senecio plattensis Nutt. P13156 
Soli da go canadensis L. PI 3645 
Solidago speciosa Nutt. PI3628 
*Taraxacum officinale Weber PI3074 
*Tragopogon dubius Scop. PI3139 
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Boraginaceae 
Hackelia virginiana (L.) I. M. Johnston 

P33299 
Lithospermum croceum Fern. P33302 
Lithospermum incisum Lehm. P33306 

Brassicaceae 
*Alliaria petiolata (Bieb.) Cavara & Grande 

E28420 
Descurainia pinnata (Walt.) Britt. PI3055 
Dr aba reptans (Lam.) Fern. PI 3054 
Erysimum capitatum (Dougl.) Greene 

PI3057 
*Lepidium densiflorum Schrad. P35696 
Lepidium virginicum L. P13142 

Cactaceae 
Opuntia humifusa (Raf.) Raf. PI3326 

Caesalpiniaceae 
Chamaechrista fasciculata (Michx.) Greene 

E28838 
Gleditsia triacanthos L. PI3312 
Senna marilandica (L.) Link E30372 

Campanulaceae 
Campanulastrum americana (L.) Small 

P33459 
Triodanisperfoliata (L.) Nieuwl. PI3282 

Cannabinaceae 
* Cannabis sativa L. PI 3624 

Caprifoliaceae 
*Lonicera maackii (Rupr.) Maxim. P33295 
Sambucus canadensis L. P13290 

Caryophyllaceae 
*Holosteum umbellatum L. PI3052 
Silene stellata (L.) Ait. f. E30901 
*Stellaria media (L.) Cyrillo PI3413 

Celastraceae 
Celastrus scandens L. P33458 
Euonymus atropurpurea Jacq. PI3062 

Chenopodiaceae 
*Chenopodium album L. E31398 
*Chenopodium ambrosioides L. PI3642 
Chenopodium desiccatum A. Nels. PI3563 
Cycloloma atriplicifolium (Spreng.) Coult. 

'P13415 

Convolvulaceae 
*Ipomoea hederacea (L.) Jacq. PI3632 

Cornaceae 
Cornus drummondii C. A. Mey. PI 3155 

Euphorbiaceae 
Chamaesyce geyeri (Engelm.) Small PI3562 
Croton glandulosus L. E28828 
Crotonopsis linearis Michx. PI3558 
Euphorbia corollata L. PI3283 

Phyllanthus caroliniensis Walt. E30373 
Poinsettia cyathophora (Murr.) Kl. & 

Gracke E30374 
Poinsettia dentata (Michx.) Kl. & Gracke 

P13639 

Fabaceae 
Amorpha canescens Pursh PI3427 
Baptisia bracteata Ell. PI3148 
Desmodium illinoensis Gray P33309 
Desmodium sessilifolium (Torr.) Torr. & 

Gray P33461 
Lespedeza capitata Michx. PI3612 
*Melilotus officinalis (L.) Pallas. PI3321 
*Robinia pseudoacacia L. PI 3175 
Tephrosia virginiana (L.) Pers. PI3306 

Fagaceae 
Quercus x bushii Sarg. E29409 
Quercus marilandica Muenchh. P13154 
Quercus velutina Lam. PI3552 

Geraniaceae 
Geranium carolinianum L. P33300 

Grossulariaceae 
Ribes missouriense Nutt. PI3071 

Hydrophyllaceae 
Ellisia nyctelea L. PI3165 

Hypericaceae 
Hypericum majus (Gray) Britt. P33287 
Hypericum mutilum L. P33456 

Juglandaceae 
Juglans nigra L. PI3161 

Lamiaceae 
Agastache nepetoides (L.) Ktze. E29191 
*Leonurus cardiaca L. PI3295 
Lycopus americanus Muhl. P13644 
Monardapunctata L. PI3564 
*Nepeta cataria L. PI3418 
Teucrium canadense L. PI3428 

Lauraceae 
Sassafras albidum (Nutt.) Nees PI3060 

Malvaceae 
Callirhoe triangulata (Leavenw.) Gray 

PI3407 

Menispermaceae 
Menispermum canadense L. PI3302 

Molluginaceae 
* Mo Hugo verticillata L. PI 3324 

Moraceae 
*Maclura pomifera (Raf.) Schneider P33281 
*Morus alba L. PI3292 
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Nyctaginaceae 
*Mirabilis nyctaginea (Michx.) MacM. 

P13286 

Onagraceae 
Circaea lutetiana Aschers. & Magnus 

P33282 
Ludwigia alternifolia L. E29194 
Oenothera laciniata Hill P13143 
Oenothera rhombipetala Nutt. PI3406 

Oxalidaceae 
Oxalis stricta L. PI3273 

Phytolaccaceae 
Phytolacca americana L. PI3325 

Plantaginaceae 
Plantago patagonica Jacq. PI3269 

Polemoniaceae 
Phlox bifida Beck PI3065 

Polygalaceae 
Poly gala polygama Walt. P33310 
Poly gala verticillata L. P33303 

Polygonaceae 
Fallopia cristata (Engelm. & Gray) Holub. 

P31292 
Persicaria coccinea (Muhl.) Greene P33297 
*Persicaria hydropiper (L.) Opiz. P33286 
Persicaria pensylvanicum (L.) Small 

P33284 
Persicaria punctata (Ell.) Small E29193 
Polygonum tenue Michx. P31293 
*Rumex acetosella L. PI3276 

Primulaceae 
Androsace occidentalis Pursh PI3053 

Ranunculaceae 
Anemone virginiana L. PI3301 
Clematis virginiana L. P33308 
Ranunculus abortivus L. PI3164 

Rhamnaceae 
Ceanothus americanus L. PI3272 

Rosaceae 
Fragaria virginiana Duchesne PI3146 
Geum canadense Jacq. PI3287 
*Potentilla recta L. PI3320 
Potentilla simplex Michx. PI3147 
Prunus serotina Ehrh. PI3160b 
Prunus virginiana L. PI3072 
Rosa Carolina L. PI3313 
Rosa suffulta Greene PI3275 
Rubus argutus Link PI3437 
Rubus flagellaris Willd. PI3149 
Rubus occidentalis L. PI3150 

Rubiaceae 
Diodia teres Walt. PI3606 

Galium aparine L. PI3169 
Galium circaezans Michx. PI3305 

Rutaceae 
Ptelea trifoliata L. PI3303 
Zanthoxylum americanum Mill. PI3067 

Salicaceae 
Populus tremuloides Michx. P13144 
Salix humilis Marsh. PI3064 

Scrophulariaceae 
Nuttallanthus canadensis (L.) D. Sutton 

PI3141 
Penstemon pallidus Small PI3145 
*Verbascum thapsus L. PI3420 

Solanaceae 
Physalis heterophylla Nees PI3304 
Solanum carolinense L. PI3318 

Ulmaceae 
Celtis occidentalis L. PI3063 
Ulmus americana L. PI3056 
Ulmus rubra Muhl. PI3061 

Urticaceae 
Parietaria pensylvanica Muhl. PI3294 

Verbenaceae 
Verbena stricta Vent. PI3432 

Violaceae 
* Viola rafinesquii Greene PI 3051 
Viola sororia Willd. PI3069 

Vitaceae 
Parthenocissus quinquefolia (L.) Planch. 

P33307 
Vitis riparia Michx. PI3151 

MONOCOTS 
Araceae 
Arisaema triphyllum (L.) Schott PI3070 

Commelinaceae 
Commelina erecta L. PI3617 
Tradescantia ohiensis Raf. PI3163 

Cyperaceae 
Bulbostylis capillaris (L.) C. B. Clarke 

P13410 
Car ex amphibola Steud. PI 3171 
Carex blanda Dewey E28422 
Carex jamesii Schwein. PI3166 
Carex lurida Wahl. P33289 
Carex muhlenbergii Schk. PI3172 
Carex oligocarpa Schk. PI3296 
Carex pensylvanica Lam. PI 3059 
Carex scoparia Schk. P35695 
Carex stipata Muhl. P35694 
Carex tonsa (Fem.) Bickn. PI 3308 
Carex tribuloides Wahl. P33291 
Cyperus esculentus L. PI3408 
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Cyperus grayoides Mohlenbr. PI3638 
Cyperus lupulinus (Spreng.) Marcks PI3633 
Cyperus schweinitzii Torr. P36151 
Cyperus strigosus L. P33288 
Eleocharis ovata (Roth) Roem. & Schultes 

P33457 
Scirpus atrovirens Willd. P33283 

Iridaceae 
*Belamcanda chinensis (L.) DC. PI3625 
Sisyrinchium albidum Raf. E28415 
Sisyrinchium campestre Bickn. PI3422 

Juncaceae 
Juncus acuminatus Michx. P33293 
Juncus interior Wieg. PI3316 
Juncus marginatus Rostk. P33292 

Liliaceae 
* Allium vineale L. P35698 
* Asparagus officinalis L. PI 3160 
Smilacina stellata (L.) Desf. PI3170 

Poaceae 
Agrostis hyemalis (Walt.) BSP. E28424 
Andropogon gerardii Vitman PI3615 
Aristida desmantha Trin. & Ripr. PI3567 
Aristida tuberculosa Nutt. PI3621 
Bouteloua hirsuta Lag. P33305 
*Bromus commutatus Schrad. E28624 
*Bromus inermis Leyss. PI3270 
*Bromus tectorum L. PI3159 
Calamovilfa longifolia (Hook.) Scribn. 

P13550 
Cenchrus longispinus (Hack.) Fern. PI3409 
Dichanthelium acuminatum (Sw.) Gould & 

Clark P33285 
Dichanthelium depauperatum (Muhl.) 

Gould E28429 
Dichanthelium oligosanthes (Schult.) Gould 

P13284 

Dichanthelium perlongum (Nash) Freckm. 
PI3297 

Dichanthelium villosissimum (Nash) 
Freckm. PI3285 

*Digitaria ischaemum (Schreb.) Schreb. 
PI 3607 

*Digitaria sanguinalis (L.) Scop. PI3641 
*Echinochloa crus-galli (L.) Beauv. E30375 
Elymus villosus Muhl. PI3293 
^Eragrostis cilianensis (All.) Vign. PI3429 
Eragrostis spectabilis (Pursh) Steud. 

P13551 
Eragrostis trichodes (Nutt.) Wood. PI3549 
Heterostipa spartea (Trin.) Barkworth 

PI3271 
Koeleria macrantha (Ledeb.) Spreng. 

P13307 
Leptoloma cognatum (Schult.) Chase 

P31287 
Panicum capillare L. PI3434 
Panicum virgatum L. PI3609 
Paspalum bushii Nash PI3601 
*Poapratensis L. PI3167 
Schizachyrium scoparium (Michx.) Nash 

PI3610 
*Secale cereale L. PI3322 
*Setariafaberi F. Herrm. P33294 
*Setaria viridis (L.) Beauv. PI3435 
Sorghastrum nutans (L.) Nash PI3630 
Sporobolus clandestinus (Biehler) Hitchc. 

PI3634 
Sporobolus cryptandrus (Torr.) Gray 

P13627 
Tridens flavus (L.) Hitchc. P31288 
Triplasispurpurea (Walt.) Chapm. PI3623 
Vulpia octoflora (Walt.) Rydb. E28414 

Smilacaceae 
Smilax hispida Muhl. PI3152 
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ABSTRACT 

The Illinois river otter (.Lontra canadensis) recovery plan recommends de-listing this 

species from its state threatened status when it is widespread and secure [e.g., stable to 

increasing populations of reproducing individuals occur in <5 of 7 landscape manage¬ 

ment units (LMUs)]. Sign surveys, surveys of licensed trappers, and element occurrence 

reports confirmed a statewide distribution of river otters during 1998-2004. Necropsies, 

sightings of family groups, and recoveries of unmarked individuals from the Illinois, 

Kaskaskia, and Wabash LMUs confirmed reproduction. Modeling predicted 346 otters 

released in the Illinois, Kaskaskia, and Wabash LMUs during 1994-1997 increased to 

1,830 in 2001 and would reach 4,610 in 2005. We conclude that criteria for de-listing the 

river otter have been satisfied. We recommend modeling and surveys of licensed trappers 

for monitoring the future status of river otters in Illinois. 

INTRODUCTION 

During 1999, the river otter’s (Lontra canadensis) status in Illinois was upgraded from 

state endangered to state threatened (Title 17, Illinois Administrative Code, Chapter I, 

Section 1010). This action was supported by growing numbers of reports from the north¬ 

western, west-central, and southern parts of the state as well as the successful transloca¬ 

tion of 346 wild river otters from Louisiana to the Illinois, Kaskaskia, and Wabash river 

basins (Bluett et al. 1999). We review recent data from field surveys, element occurrence 

records, questionnaires sent to trappers, necropsies, and a population model to determine 

whether criteria established for de-listing the river otter have been satisfied. 

METHODS 

Sign Surveys 
Sign surveys are conducted at a stratified random sample of Basin Survey Sites estab¬ 

lished by the Illinois Environmental Protection Agency and Illinois Department of Natu- 
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ral Resources (IDNR) to monitor surface water quality, diversity and abundance of fishes, 

and other indicators of the biotic integrity of riverine systems. Trained IDNR biologists 

visit designated sites once during 1 Feb through 31 Mar in the southern furbearer zone 

(i.e., south of U.S. Route 36) and 15 Feb through 15 Apr in the northern zone. Using hip 

chains to determine distances, they travel <300 m upstream and downstream from survey 

starting points, usually road bridges, and search both shorelines for tracks, scats, and 

other signs of the presence of river otter, beaver (Castor canadensis), and mink (Mustela 

vison) (i.e., a total of 1200 m of shoreline unless the presence of all 3 species is docu¬ 

mented in a shorter distance). Data collected by staff include the presence of target spe¬ 

cies, types of evidence encountered, and percentage of shoreline with conditions deemed 

suitable to detect an animal’s presence. 

Questionnaires 

Each spring, IDNR mails questionnaires to a stratified random sample of licensed fur 

trappers to monitor harvest levels and efforts, assess attitudes and opinions, and collect 

other information pertinent to management programs. Survey instruments distributed 

after trapping seasons that occurred in 1999-2000 through 2002-2003 asked trappers if 

they had observed river otters or their sign during the past season (Miller et al. 2002a, 

2002b, 2003, 2004). 

Element Occurrence Records (EORs) 

Beginning in 1994, IDNR’s annual Digest of Hunting and Trapping Regulations solicited 

reports of river otter observations. Reports from hunters, fishermen, and other members 

of the public were screened by a follow-up phone call or letter to evaluate their legiti¬ 

macy and determine precise locations of sightings; those deemed reliable were added to 

IDNR’s Biological Conservation Database. EORs submitted by IDNR staff were another 

important source of data. 

Evidence of Reproduction 

Staff from the Cooperative Wildlife Research Laboratory at Southern Illinois University 

(CWRL) necropsied river otters recovered by IDNR. They assigned ages by appearance 

of dentition and body size (juveniles) or counts of cementum annuli (specimens >1 year 

of age; Stephenson 1977) and noted the presence of embryos, placental scars, and traits of 

lactation (Woolf and Nielsen 2001). EORs provided evidence of reproduction if they 

reported groups of otters comprised of both adults and juveniles. Recovery of unmarked 

otters from the Illinois, Wabash, and Kaskaskia river basins also indicated reproductive 

activity because few if any otters existed in these areas before marked individuals were 

released during 1994-1997 (Bluett et al. 1999). 

Population Model 

Using a deterministic population model developed by Hamilton (1998), Woolf and Niel¬ 

sen (2001) estimated the abundance of river otters inhabiting the Illinois, Kaskaskia, and 

Wabash river basins during 2001 and 2005. Model inputs included natality and survival 

estimates from Missouri (Hamilton 1998), and numbers of otters released by IDNR from 

1994-1997. Specific input data were presented in Woolf and Nielsen’s (2001) unpub¬ 
lished report to IDNR. 



211 

RESULTS 

Distribution 

IDNR biologists conducted Sign Surveys at 41-75 sites annually from 1999-2004 (Table 

1). During this period, observations of river otters or their sign originated from 45 sites 

(Fig. 1) located in all 7 landscape management units (LMUs) and 20 of 21 population 

management units (PMUs). Otters were detected during multiple (range 2-6) years at 

most (76%) of the 45 sites. 

Numbers of licensed trappers who responded to questionnaires varied from 551-688 per 

year. Widespread and numerous observations of river otters or their sign were reported 

during 2002-2003 (118 reports from 56 counties), 2001-2002 (150 reports from 61 

counties), 2000-2001 (118 reports from 56 counties), and 1999-2000 (96 reports from 51 

counties). Combined reports for 1999-2000 through 2002-2003 originated from 81 

counties located in all LMUs and PMUs. 

IDNR processed 805 EORs from 1994 through 2003 (Table 2). Those documenting 

occurrences from 1998 through 2003 (n = 449) originated from 84 counties located in all 

LMUs and PMUs. 

During 1998 through 2004, 9 of 102 counties (DeWitt, Douglas, Edgar, Hamilton, 

Macoupin, Monroe, Piatt, Putnam, and Stark) lacked records of river otters when data 

from all sources (i.e., EORs, sign surveys, and trapper reports) were combined. Occur¬ 

rences were documented by >1 source of data in most (n = 83) counties. 

Reproduction 

Seventeen of 101 otters assigned ages by CWRL were juveniles. Five females contained 

embryos, 9 had placental scars, and 22 were lactating. We documented recoveries of 42 

untagged river otters and observations of 14 family groups in the Illinois, Wabash, and 

Kaskaskia LMUs. 

Population estimate in release areas 

Modeling provided an estimate of 1,830 otters in the Illinois, Kaskaskia, and Wabash 

LMUs during 2001. The projected estimate increased to 4,610 in 2005. 

DISCUSSION 

Illinois’ recovery plan (Bluett et al. 1995) recommends de-listing the river otter when it 

is widespread and secure (i.e., stable to increasing populations of reproducing individuals 

occur in <5 of 7 LMUs or in 4 LMUs if, in addition, their presence is documented in 

<60% of PMUs). Multiple, independent sources of information indicate criteria for de- 

listing this species have been satisfied. 

Quantitative methods for determining the density of river otters (i.e., mark-recapture 

studies) are impractical for large spatial scales (Melquist and Hornocker 1979) because of 

high costs, low recovery rates, strict statistical assumptions, and sampling protocols that 

are difficult to execute, especially in areas dominated by small, privately held tracts. 

Alternatives include life table analyses, sighting reports, sign surveys, population models, 
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and surveys of trappers or agency biologists (Macdonald 1990, Woolf et al. 1997, 

Melquist et al. 2003). Many of these techniques are affordable but tend to be biased and 

insensitive to small or moderate changes in densities of wildlife populations (Clark and 

Andrews 1979). Therefore, experts recommend using <2 methods and relying on concor¬ 

dance among results as reasonable assurance they are detecting changes in relative abun¬ 

dance despite their respective limitations (Woolf et al. 1997, Melquist et al. 2003). 

Sign Surveys proved useful for monitoring distribution at the LMU and PMU scales. As 

in Missouri (Gallagher 1999), this method appeared to be a poor indicator of relative 

abundance. For example, otters were detected at fewer sites in the Illinois, Kaskaskia and 

Wabash LMUs during 2003 (22.7%) than 2000 (28.9%) yet modeling indicated the 

population nearly doubled during this 3-year period. 

EORs and trapper surveys provided similar information about distribution at the LMU, 

PMU, and county scales. Without a means of comparing known densities to frequencies 

of reports, we are unable to evaluate trapper surveys and EORs as indices of abundance 

beyond noting that both appeared capable of detecting large (e.g., >7-fold increase pre¬ 

dicted by modeling for the Illinois, Kaskaskia, and Wabash LMUs) changes during the 

past decade. 

Modeling the statewide abundance of otters is problematic because an estimate of the 

initial population is required. Numbers of otters released by IDNR from 1994-1997 suf¬ 

fice for 4 LMUs (we include the Fox/DesPlaines/Kankakee LMU, which, based on the 

timing and number of reports, was colonized by populations originating from releases in 

the Illinois river basin). We recommend a conservative approach to estimating initial 

populations in remaining LMUs. 

Anderson (1982) estimated <100 otters inhabited the Rock/Mississippi North and 

Shawnee LMUs during the late 1970s. Aided by immigration from Iowa and Wisconsin, 

the Rock/Mississippi North population increased and expanded its range by the early 

1990s (Anderson 1995). Similar trends in distribution and relative abundance appeared to 

occur in the Shawnee LMU (Anderson 1995). Allowing for immigration, we believe an 

initial population estimate of 100 otters is conservative but reasonable for modeling 

abundance in these 2 LMUs since 1980. 

Resource agencies released 1,107 river otters in Missouri and Iowa from 1982-1992 

(Raesly 2001). Colonization of Illinois’ Middle Mississippi River Tributaries LMU was 

evident by the early 1990s (Anderson 1995). Assuming <5% of otters occupying a LMU 

are observed and reported to IDNR during a given year, we recommend an initial popu¬ 

lation estimate of 80 individuals during 1991 (i.e., reports of 4 live otters originated from 

the Middle Mississippi River Tributaries LMU in 1991). Initial population estimates for 

western and southern Illinois should be re-evaluated if studies determine densities of river 

otters for these or similar areas. For example, information about densities and available 

habitat could be used to derive a population estimate and compare it to results of model¬ 
ing. 

Recognizing that management goals, technologies, and availability of adequate data 

would probably vary over time, Woolf et al. (1997) recommended a flexible approach to 
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monitoring that allowed for adoption and phasing out of individual methods as needs and 

opportunities changed. Sign Surveys provide reliable data that can be collected system¬ 

atically at different geographic scales and linked to existing information about site char¬ 

acteristics. However, they are more expensive to conduct and less precise for determining 

distribution than other methods already employed by IDNR. Increasing sample size to 

improve precision seems unnecessary, so we recommend phasing out Sign Surveys. 

Numbers of EORs submitted voluntarily by the public probably vary over time with the 

amount and effectiveness of efforts to solicit this information as well as peoples’ percep¬ 

tions of the rarity of river otters (Woolf et al. 1997). Therefore, standardized surveys of 

trappers provide a better long-term tool than EORs for monitoring distribution and large 

changes in relative abundance. 

We believe IDNR should continue to collect and cooperatively analyze data (e.g., age 

structure, no. young produced by various age classes of females) from carcasses recov¬ 

ered as road-kills and accidental captures. These efforts will provide reliable inputs for 

modeling, a method we recommend as a primary means of estimating abundance. Efforts 

to collect carcasses can be curtailed as variances of estimates diminish with increasing 

sample sizes. Afterward, periodic (e.g., 5-10 yrs) evaluations of model inputs are war¬ 

ranted. 
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Table 1. Numbers of sites, landscape management units, and population manage¬ 
ment units where biologists detected the presence of river otters during 
Furbearer Sign Surveys conducted in Illinois, 1999-2004. 

Year 
No. sites 
sampled 

No. sites with 
evidence of 

otters 

No. population 
management units 
with evidence of 

otters 

No. landscape 
management units 
with evidence of 

otters 

1999 41 11 9a 5a 
2000 74 22 15 7 
2001 75 22 13 6 
2002 74 25 16 7 
2003 73 25 16 7 
2004 70 25 15 7 
a During 1999, Furbearer Sign Surveys were conducted in only 6 of 7 landscape 

management units and 14 of 21 population management units. 
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Table 2. Geographic and temporal distribution of Element Occurrence Records for river 
otters, 1983-20033. 

Years of reports 

Landscape management unit Population management unitb 1983-1993 1994-2004 Total 

Rock/Mississippi North Galena, Apple, and Plum River Systems 60 60 120 

Rock/Mississippi North Rock River System 28 132 160 

Central Mississippi Middle Mississippi River Tributaries 17 81 98 

Fox/Des Plaines/Kankakee 
Des Plaines River and Lake Michigan 
Tributaries 

1 12 13 

Fox/Des Plaines/Kankakee Fox River System 1 18 19 

Fox/Des Plaines/Kankakee Kankakee - Iroquois River System 0 5 5 

Illinois 
Little Vermilion River, Big Bureau and 9 q 11 
Kickapoo Creek Systems 

7 

Illinois Vermilion and Mazon River Systems 0 9 9 

Illinois Spoon River System 1 56 57 

Illinois La Moine River System 0 17 17 

Illinois Mackinaw River System 2 55 57 

Illinois Sangamon River System 0 26 26 

Illinois 
Lower Illinois River Tributaries and 
American Bottoms 

0 13 13 

Kaskaskia Kaskaskia River System 2 98 100 

Shawnee Big Muddy River System 10 26 36 

Shawnee Cache River System 15 28 43 

Shawnee 
Massac, Bay, Lusk, Big Grand Pierre and 
Big Creek Systems 

5 28 33 

Shawnee Saline River System 1 10 11 

Wabash 

Wabash 

Little Wabash River and Bonpas Creek 
Systems 
Embarras River and Wabash River 

3 

9 

65 

39 

68 

41 
Tributaries 
Vermilion and Little Vermilion River 
Systems 

0 Wabash 18 18 

All units combined 150 805 955 

a Data for 1983-1993 are from Anderson (1995). 

b Population management units follow the delineation of Illinois stream systems by Page et al. (1992) with some 

modifications. Bluett et al. (1995) provided a more detailed description. 
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Figure 1. Sites where biologists from the Illinois Department of Natural Resources 
detected evidence of the presence of river otters (i.e., tracks, scats, or prey 
remains), 1999-2004. 

iMiles 
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ABSTRACT 

We assessed the morphologically indistinguishable gray treefrog complex, Hyla chrysos¬ 

celis and Hyla versicolor, at Green Wing Environmental Laboratory, which is a biologi¬ 

cal field station in Northcentral Illinois. One source of information used in this 

assessment was karyotyping since it is known that H. chrysoscelis is diploid and H. 

versicolor is tetraploid (n = 12). Our results suggest that only H. chrysoscelis was 

karyotyped since the average number of chromosomes per spread was 23.4 (average 

range of each spread was 21.3 to 24) and no single spread exceeded 25 chromosomes. 

We also conducted frog call surveys from 2000-2003 since pulse rate is faster in H. 

chrysoscelis than in H. versicolor. Only H. chrysoscelis was encountered during 

standardized acoustic surveys and measured by vocal and temperature recordings in the 

field. Thus, only Cope's gray treefrog, H. chrysoscelis, was found at this site. 

INTRODUCTION 

Prior to the 1970s, Hyla versicolor and Hyla chrysoscelis were thought to be the same 

species (Ralin 1968). However, using karyotyping research, Wasserman (1970) showed 

that H. versicolor is tetraploid and H. chrysoscelis is diploid (n = 12). Moreover, acoustic 

characteristics of male vocalizations are different between these two treefrogs (Littlejohn 

2001). At 21°C, Gerhardt (1982) attained averages of 41 and 17 trill pulses/sec in H. 

chrysoscelis and H. versicolor, respectively. This information and mate choice studies 

(Gerhardt et al. 1994) show that this complex is composed of two different species. 

Jaslow and Vogt (1977) used trill rates to determine the distribution of these species in 

Wisconsin and showed that they are sympatric in the central and southern parts of the 

state. Oberfoell and Christiansen (2001) studied the distribution of these species through¬ 

out Iowa and suggested that these two species are sympatric in central and eastern parts 

of the state. Hillis et al. (1987) used karyotyping to determine the distribution of these 

species in Kansas. Their results demonstrated both species coexist in the eastern part of 

the state. Unfortunately, little published information exists about the geographical ranges 

of H. chrysoscelis and H. versicolor in Illinois, although a formal study to address this is 

currently under way (C. Phillips, pers. comm.). 
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The goal of this study was to determine which of the species of gray treefrogs occur at 

Green Wing Environmental Laboratory (GWEL) in Northcentral Illinois. We used 

karyotyping (a count of chromosomes arrested at metaphase), frog call surveys, and call 

recordings for species identification. 

MATERIALS AND METHODS 

Karyotyping 
In July and August 2002 twenty individuals (12 metamorphic tadpoles and 8 adults) were 

captured, 5 from each of 4 ponds, at GWEL. All individuals were taken alive to the 

laboratory where they were karyotyped. The bodies were fixed in 10% neutral buffered 

formalin, and each is currently stored in 70% EtOH in the Vertebrate Zoology Collection 

at Augustana College (voucher numbers: 02-006, Pine Pond, 5 tadpoles; 02-007, Snapper 

Pond, 5 tadpoles; 02-008, Wet Meadow Complex, 2 tadpoles; 02-012, Wet Meadow 

Complex, 3 adults; and 02-013, Iris Pond, 5 adults). 

Tadpoles were allowed to swim in 0.01% colchicine solution for 12-24 hours (Kligerman 

and Bloom 1977). Adult frogs were injected with approximately 0.5 cc of colchicine (1 

mg/ml deionized water) with a 23 gauge needle (1.9 cm in length). To ensure circulation 

throughout the adult torso the colchicine solution was injected through the skin of the 

dorsum and into the abdomen at a depth of ca. 3 mm. Once injected, adult frogs were 

placed into a container with a moist paper towel at 30°C for 10-12 hrs (Bogart 1967). 

Once the specimens (either tadpole or adult frog) had been subjected to the colchicine 

solution, they were sacrificed using Orajel® (Altig 1980). Once sacrificed, the specimens 

were dissected and tissue samples were taken from various locations on the specimen. 

Leg buds, gills, and intestinal tissue samples were the most useful from tadpoles and 

intestinal tissue of adult frogs gave the best karyotypes. The tissue sample, which meas¬ 

ured ca. 0.5 cm in length, was placed in a small vial containing about 10 times their vol¬ 

ume of 0.4% KC1 hypotonic solution and allowed to sit for 20-30 minutes (Kligerman 

and Bloom 1977). The tissue was then transferred into 2-3 changes of fixative (3:1 etha¬ 

nol acetic:acid solution) for approximately 30 minutes each (Kligerman and Bloom 

1977). 

Chromosomes were mounted on slides using heat fixation. This was accomplished by 

heating blank slides to 46-48°C. The tissue sample was then placed into a separate vial 

containing 100 ul 50% acetic acid (Kligerman and Bloom 1977). The vial was tapped for 

60-90 sec to break apart the tissue and form a cell suspension. Using a pipetman, we drew 

the cell suspension into the tip and expelled it onto the slide, quickly withdrawing the 

suspension back into the pipet tip, leaving as little liquid on the slide as possible. 

The chromosomes were stained with 4% Geimsa in 0.01 M phosphate buffer at pH 7 for 

10 minutes. The slides were air-dried and placed in xylene for 10 minutes to remove 

excess water. Once dried, the slides were completed by using Permount and a cover slip 
over the fixed sample. 
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Acoustical data 

From 2000-2003, breeding chorus surveys were conducted at GWEL. Mossman and Hine 

(1984) was consulted for the methods used in these surveys. During this time, a total of 

six wetland sites was surveyed: Iris Pond, Main Pond, Culvert Swamp, Wet Meadow 

Complex, Snapper Pond, and Pine Pond. These sites constituted most of the wetland 

habitat and were scattered throughout GWEL. Species identification was verified by 

comparing calls to known calls available on a CD-ROM (Cornell Laboratory of 

Ornithology 1996). Although qualitative in nature, this technique is based on the Wiscon¬ 

sin anuran breeding chorus surveys (Mossman and Hine 1984) which are conducted dur¬ 

ing optimal weather conditions consisting of warm evenings (water temperatures >15°C), 

low wind, and high humidity. Despite the fact that call characteristics of both H. chrysos- 

celis and H. versicolor vary with environmental and body temperature (Gerhardt 1982), 

we conducted surveys during weather that would allow one to distinguish each species’ 

call. 

In May 2003, one of us (SBH) recorded breeding calls from four frogs at GWEL: two 

individuals from Wet Meadow Complex and two from Main Pond. These recordings 

were completed to assess quantitatively and provide a representative oscillogram of the 

calls. The methods for field recordings of frog calls were borrowed from Heyer (1994). 

Recordings were completed on a 60 minute, chromium dioxide cassette tape (TDK-PRO, 

IECII/TYPEII) using a Marantz (PMD222) professional tape recorder (tape speed: 4.75 

cm/sec) and a microphone (Shure BETA52), which can record within the frequencies of 

20 to 10,000 Hz. Oscillograms (displays of amplitude changes over time) of these calls 

were generated using Computerized Speech Lab (CSL, Kay Elemetrics Corporation) 

Model 4300B. During taping, water temperatures at the frog's location in the pond ranged 

between 15.2 °C and 20.2 °C, winds were calm, and skies were clear. 

RESULTS 

Karyotyping 

We analyzed between 2 and 8 spreads from each of the 20 individuals (Table 1). The 

average number of chromosomes per spread was 23.4 (average range of each spread was 

21.3 to 25) and no single spread exceeded 25 chromosomes. Lor each individual, species 

was determined by comparing chromosome counts to the known chromosome numbers 

for H. chrysoscelis (2n = 24) and H. versicolor (4n = 48) (Wasserman 1970). We con¬ 

cluded that that all of the individuals sampled must be H. chrysoscelis since none them 

yielded spreads exceeding 25 chromosomes. 

Acoustical data 
From 2000-2003, every individual that was heard calling from all wetland sites during 

breeding chorus surveys matched the recorded call of H. chrysoscelis. From our own 

recordings taken in May 2003, we calculated that the average pulse rate for each individ¬ 

ual was 44, 46, 38, and 40 pulses per second (n = 3 calls; SE = 0 for each average). Fig¬ 

ure 1 shows a representative oscillogram for one individual's call. 
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DISCUSSION 

We conclude from karyotyping results that all of the individuals sampled from GWEL 

are H. chrysoscelis and not H. versicolor, as all specimens examined were diploid rather 

than tetraploid. Not every spread contained exactly 24 chromosomes; however, a range is 

expected because it is easy to lose chromosomes during the procedure or to get chromo¬ 

somes from a nearby cell combined into an adjacent spread. Moreover, if spreads devi¬ 

ated from 24, which happened for 13 of 20 individuals, it appears that chromosomes were 

lost more frequently than gained from a single spread. Since chromosome numbers of the 

two species differ by 24, we conclude that average chromosome counts of 21-24 corre¬ 

spond to H. chrysoscelis. The breeding chorus surveys and call recordings in the field are 

consistent with the acoustical characteristics of H. chrysoscelis. 

There are other methods besides those which we used, chromosome number and call 

rates, that have the potential to distinguish H. versicolor from H. chrysoscelis, including 

toe pad size (Oberfoell and Christiansen 2001), coloration and patterning (Jaslow and 

Vogt 1977), and size of the individual (Ralin 1968), as well as cytological characteristics 

such as nucleolar number (Keller 2000). The authors of these studies suggest that chro¬ 

mosome number and call rate offer the most reliable sources of information for species 

identification relative to the others tested. 

Hyla versicolor and H. chrysoscelis may have different ecological requirements, such as 

humidity levels and habitat type, which may explain why only H. chrysoscelis was found 

at GWEL. Ralin (1968) suggested that H. chrysoscelis is a hardier species, tolerating and 

maybe even preferring more arid conditions, whereas H. versicolor prefers more humid 

surroundings. Oberfoell and Christensen (2001) showed this in their study of distribution 

patterns of the species in Iowa, where H. versicolor was found in the eastern portion of 

the state, nearer the Mississippi River, and H. chrysoscelis was found in the drier, more 

western loess hill regions. This pattern may also be gleaned from Hillis et al. (1987), who 

suggested that H. chrysoscelis is more aridly adapted and lives in the more western 

regions of Kansas. There have been no published reports describing these particular spe¬ 

cies in conjunction with relative humidity levels within the northcentral Illinois area; 

however, it is possible that that region containing GWEL is not humid enough for H. ver¬ 

sicolor. 

Ideal living and breeding habitats for both species includes forest edges and areas with 

accessible water sources (Northern Prairie Wildlife Research Center 2002). As a result, 

the distribution of the gray treefrog complex covers the entire eastern portion of the US 

with the exception of the tip of Florida and all of Maine, to the West down the middle of 

Texas, Oklahoma, Kansas, and North and South Dakota. However, differences in habitat 

preference exist as well, where H. chrysoscelis prefers more open habitats such as prai¬ 

ries, open grasslands, and old field habitat, and H. versicolor prefers coniferous and 

deciduous woodlands and is rarely found in prairies and savannahs (University of Wis¬ 

consin Sea Grant 2001; Cofrin Center for Biodiversity at the University of Wisconsin - 

Green Bay 2004). Upland and lowland oak and pine forests, sedge meadows, and old- 

field habitat, as well as five temporary ponds characterize GWEL. Based on this evi¬ 

dence, it is unclear as to why only H. chrysoscelis would be found there, as the area con¬ 

tains the apparent habitat of both species. It is likely that other ecological requirements 
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and historical biogeographical constraints may play a greater role in the distribution of 

these species than simply habitat type. 
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Figure 1. Oscillogram of Frog #1 recorded at Wet Meadow Complex. A total of 44 

pulses per second was counted. 

0.00 Time (sec) 0.50 

Table 1. Sites sampled, chromosome spread values, and mean spread for each individual 

sampled at Green Wing Environmental Laboratory. 

Wetland site Individual Spread Values Mean Spread 

Pine Pond 1 23, 24, 24, 24 23.8 

2 19, 24, 24, 24, 24, 24 23.2 

3 24, 24, 24 24.0 

4 19, 19, 24, 24,25 22.2 

5 23, 24, 24, 24, 24, 25 24.0 

Snapper Pond 1 24, 24, 24 24.0 

2 22, 24, 24 23.3 

3 23, 24, 24, 24, 24, 24 23.8 

4 24, 24, 24, 24 24.0 

5 14, 18, 24, 24, 24, 24 21.3 

Wet Meadow Complex 1 24, 24, 24, 24 24.0 

2 23, 23, 24 23.3 

3 23, 23, 24, 24 23.5 

4 24, 24, 24 24.0 

5 24, 24 24.0 

Iris Pond 1 19,21,24, 24, 24, 24, 24, 24 23.0 

2 23, 24, 24, 24 23.8 

3 24, 24, 24 24.0 

4 23,24 23.5 

5 22, 24, 24 23.3 

Total Mean 23.4 
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ABSTRACT 

Franklin’s ground squirrel (Spermophilus franklinii) is declining in the eastern portion of 

its range, and was listed as state threatened in Illinois in 2004. During spring 2002, we 

examined locations of burrows of a group of S. franklinii inhabiting a 12-ha tallgrass 

prairie restoration located south of Urbana, Champaign County, Illinois. Burrow systems 

were located most often in areas of cool season grasses with well-drained and moderately 

well-drained soils. Burrow systems also were often associated with trees, trash heaps, and 

buildings which may offer some degree of protection from predators and weather. 

Although descriptions of S. franklinii habitat in the Midwest emphasize tallgrass and 

mid-grass prairies, surveys for S. franklinii in Illinois and selection of sites for potential 

introductions should include other types of cover and consider soil drainage. 

INTRODUCTION 

Franklin’s ground squirrel (Spermophilus franklinii) has decreased in abundance in much 

of the Midwestern United States (Van Petten and Schramm 1972, Lewis and Rongstad 

1992, Johnson and Choromanski-Norris 1992, Pergams and Nyberg 2001, Martin et al. 

2003). The Illinois Endangered Species Protection Board listed S. franklinii as state 

threatened in 2004. Evidence supporting this action included field surveys that confirmed 

the presence of S. franklinii at only 3 of 26 trapping sites where habitation seemed prob¬ 

able based on historical occurrences (Martin et al. 2003) and the recommendations of 

biologists. Locating and conserving additional populations will require data on habitat 

associations in Illinois for this cryptic and patchily distributed species. 

Unlike thirteen-lined ground squirrels (S. tridecemlineatus), which can readily be seen 

along roadsides and in mowed areas like lawns, graveyards, and golf courses, S. franklinii 

are associated with the thick vegetation of tallgrass and mid-grass prairies and are rarely 
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seen in open areas (Haberman and Fleharty 1972, Ellis 1982, Jones et al. 1983, Hoffmei- 

ster 1989, Benjamin 1991, Kurta 1995). However, prairie remnants and restorations in 

Illinois typically lack the extent, natural disturbance regimes, and species composition of 

the historical prairies that S. franklinii once inhabited. Soil drainage also can affect the 

suitability of an area for burrowing mammals such as S. franklinii. Haberman and Fle¬ 

harty (1972) noted that S. franklinii in Nebraska occupied an area with silty, well-drained 

soils, Benjamin (1991) suggested that soil characteristics affected the location of burrows 

in Indiana but did not provide quantitative analyses, and S. franklinii often excavate bur¬ 

rows in the mounded substrate of raised railroad beds (Ellis 1982, Benjamin 1991, John¬ 

son and Choromanski-Norris 1992, Martin et al. 2003). Whether drainage influences 

burrow location more than type of vegetation is not known. 

Kennicott (1857), Sowls (1948), Ellis (1982), Jones et al. (1983), Erlien and Tester 

(1984) and Choromanski-Norris et al. (1989) all noted that individual trees, tree lines, and 

shrubs were present in areas occupied by Franklin’s ground squirrels. Large cover-pro¬ 

viding objects, such as shrubs or buildings, may benefit ground squirrels by offering 

protection from predators and weather. The relationship of S. franklinii to woody vege¬ 

tation and other cover-providing objects in Illinois is not clear. In this study, we exam¬ 

ined the location of S. franklinii burrows in relation to vegetation, soil drainage charac¬ 

teristics and the presence of large cover-providing objects. 

METHODS 

Our study was conducted at the Barnhart Grove Prairie, a 12-ha tallgrass prairie restora¬ 

tion located 3 km south of Urbana, Illinois, that is maintained by the Barnhart Grove 

Prairie Restoration Project, a not-for-profit corporation, in conjunction with the Cham¬ 

paign County Soil and Water Conservation District and the Illinois Department of Natu¬ 

ral Resources. Martin et al. (2003) reported S. franklinii at Barnhart Prairie, and subse¬ 

quent live trapping determined that 19 adults were present on the site (Martin 2003). At 

the time of our study, Barnhart Prairie included four areas totaling 5.82 ha that had been 

seeded with warm season grasses and forbs between 1987 and 1990 (Fig. 1A). The 

remaining areas included a farm homestead (1.53 ha) and other grassy fields and borders 

dominated primarily by brome grass (Bromus sp.). The homestead was unoccupied and 

all grassy areas were unmowed during the time of our study, although the homestead area 

had been kept mowed the previous year. Agricultural fields planted with either corn (Zea 

mays) or soybeans (Glycine max) surrounded the entire site. We defined the study area as 

all non-agricultural areas of the Barnhart Prairie. 

The Barnhart Prairie was situated atop Yankee Ridge, a moraine of the Wisconsin glacia¬ 

tion. Soil types present on the property were identified using Soil View 2.0 (U.S. 

Department of Agriculture, Natural Resources Conservation Service and the Illinois 

Cooperative Soil Survey, 2001). Well-drained and moderately well-drained soils char¬ 

acteristic of moraines covered most of the property (Wyanet silt loam, Catlin silt loam, 

Dana silt loam, and Blackberry silt loam) (Fig. IB). 

We searched the Barnhart Prairie exhaustively for S. franklinii burrows from late January 

through early April 2002. Locations of all burrow openings were recorded using a Geo- 

Explored GPS unit (Trimble Navigation Limited, Sunnyvale, CA), and differentially 
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corrected to within 1 m using data from the University of Illinois GPS community base 

station. Burrow entrances clustered within 5-10 m were assumed to constitute single 

burrow systems. All burrow systems were examined on 20 May and again on 24 June for 

signs of S. jranklinii activity. Live trapping confirmed that S. franklinii was the species 

using these burrows (Martin 2003). 

We grouped the well-drained and moderately well-drained soil types present on the site 

into the single category “drained” and defined all other soil types as “non-drained.” We 

then categorized placement of burrow systems in relation to four habitat types: drained 

prairie, non-drained prairie, drained cool season grass, and non-drained cool season grass. 

A chi square goodness-of-fit test was used to compare the number of burrow systems in 

each habitat type to the expected number of burrow systems based on the relative area of 

each habitat. A second goodness-of-fit test was used to examine selectivity of burrow 

system placement in relation to large, cover-providing objects. We counted the number of 

burrow systems within a 5-m buffer around the edges of all trees, trash heaps, and build¬ 

ings on the site and compared this number to the expected value based on the total buff¬ 

ered area. 

RESULTS 

We located 215 individual burrow entrances that constituted 82 burrow systems (Fig. 

IB). As of 20 May, 26 of these burrow systems were active, all but two of which were 

located in the non-prairie grass areas. The number of burrow systems being used 

increased to 42 by 24 June, including 12 located in the prairie plots. The numbers of 

burrow systems in the four habitat types (drained prairie, non-drained prairie, drained 

cool season grass, non-drained cool season grass) were not distributed in proportion to 

the available habitat (%2 = 26.42, df = 3, P < 0.05). Fewer burrow systems than expected 

were located in non-drained prairie and more burrows than expected were in drained cool 

season grass (Table 1). Placement of burrow systems also was not random in relation to 

large cover-providing objects (%2= 41.8, df = 1, P < 0.05). More than one-third (25/82) of 

the burrow systems were located within 5 m of trees, trash heaps and buildings, whereas 

this habitat comprised only 9.5 % of the study area (Table 2). 

DISCUSSION 

Although S. jranklinii is usually considered an inhabitant of tallgrass and mid-grass prai¬ 

rie (Jones et al. 1983), the majority of burrows used by S. jranklinii during the early part 

of the summer at Barnhart Prairie were located in areas dominated by cool season 

grasses, primarily Bromus sp. At the time when the squirrels emerged from hibernation, 

these grasses provided cover and a source of food and nesting material. Haberman and 

Fleharty (1972), Iverson and Turner (1972), and Ellis (1982) also found an association 

between S. jranklinii and habitat with cool season grasses. Given the difficulties in 

restoring certain aspects of historically accurate prairies, including extent, disturbance 

regimes, and complete vegetation communities that include cool season grasses, man¬ 

agement efforts aimed at conserving or restoring tallgrass prairie vegetation alone may 

not be the best strategy for conserving S. jranklinii. Restorations that incorporate adjacent 

patches of cool season grasses may be more beneficial to S. jranklinii. 
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One area of restored prairie at our study site, the 2.95-ha North Prairie, was burned in the 

spring of 2002. We found several burrows from the previous year in this area, but S. 

franklinii did not use them until the grasses and forbs re-grew and vegetative cover was 

restored. Choromanski-Norris et al. (1989) also found that S. franklinii avoided a burned 

area that had previously been used, and Benjamin (1991) noted a case of possible avoid¬ 

ance of a recently burned area. Similarly, burrows near the homestead where the grass 

had been mowed until the previous fall were not used until the grass re-grew. 

Twice as many burrow systems were located in drained cool season grass than expected 

based on the area of this habitat type. The greater density of burrows in drained cool sea¬ 

son grass than in non-drained cool season grass or drained prairie areas implies that cover 

or drainage alone did not maximize the suitability of an area for S. franklinii. Few burrow 

systems were located in non-drained prairie areas. Well-drained areas with permanent 

cover are likely to be particularly important for hibernation burrows, a likely explanation 

for the association of S. franklinii with railroad rights-of-way in the Midwest (Kurta 

1995). Many burrow entrances at Barnhart Prairie were positioned on the tops of small 

mounds and none were located in depressions large enough to collect water. Many prairie 

restorations occur on areas formerly used for agriculture where natural topographic con¬ 

tours have been leveled and the soil drainage altered. Although such areas may look like 

good prairie habitat, they may not provide habitat features needed by S. franklinii such as 

well-drained sites for hibernation burrows. Restoring topographic relief may improve the 

quality of grassland habitat for S. franklinii. 

In other parts of its range, S. franklinii is often associated with forest-prairie borders 

(Jones et al. 1983, Erlien and Tester 1984). Large cover-providing objects also can pro¬ 

vide protection from terrestrial predators and to some extent weather. Our data suggest 

that individual trees, shrubs, treelines, and other cover-providing objects may improve the 

attractiveness of an area to S. franklinii. We recognize that our conclusions are derived 

from a small group of individuals at a single site and their generality needs to be con¬ 

firmed. Further, our focal group of S. franklinii may be part of a larger, undetected meta¬ 

population (Martin and Heske 2005), and factors such as the size and distribution of suit¬ 

able habitat patches may be tantamount. Still, future surveys for S. franklinii in Illinois 

might improve their efficiency by focusing on areas with good soil drainage, permanent 

herbaceous cover that includes a component of cool season grasses, and scattered woody 

vegetation or nearby woody edges. 
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Table 1. Location of Franklin’s ground squirrel burrow systems and in relation to the 

availability of four habitat types in the Barnhart Grove Prairie. 

HABITAT AREA (m2) 
BURROW SYSTEMS 

observed (expected) 

Drained prairie 35,105 24 (29) 

Non-drained prairie 23,131 7(20) 

Drained cool season grass 26,946 42(23) 

Non-drained cool season grass 11,779 9(10) 

Table 2. Location of Franklin's ground squirrel burrow systems in relation to cover-pro¬ 

viding objects (trees, trash heaps, and buildings) in the Barnhart Grove Prairie. 

PROXIMITY TO COVER AREA (m2) 
BURROW SYSTEMS 

observed (expected) 

< 5 m from cover object 9,217 25 (8) 

> 5 m from cover object 87,744 57 (74) 
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Figure 1. A) Landcover of the Barnhart Grove Prairie during summer 2002. 

B) Franklin’s ground squirrel burrow locations and soil drainage on the 

Barnhart Grove Prairie. 
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ABSTRACT 

We characterized the unionid community and extent of zebra mussel infestation along a 

21 km reach of the upper Mississippi River known as the Lost Mound Unit of the Upper 

Mississippi River National Wildlife and Fish Refuge, formerly the Savanna Army Depot. 

Unionids were present at 81% of the 79 sites sampled totaling 2,440 individuals of 26 

species. Catch per unit effort (CPUE) averaged 119.7 ± 107.0 SD unionids/hour (range = 

0 to 402.0). Unionids were relatively abundant (CPUE <100 unionids/hour) at 34.2% of 

the sample sites, and of these sites, 66.7% had <10 live species. Young were found for up 

to 77% of the species including the federally endangered Lampsilis higginsii. Relative 

abundance of L. higginsii ranged from 0.9 to 2.6% of the community at the four sites it 

was found alive, which is well within the criteria established for areas of essential habitat. 

Frequency of unionids infested by at least one zebra mussel (Dreissena polymorpha) was 

9.1%, with an average of 0.4 ±1.8 SD zebra mussels/unionid. Species richness in the 

Pool 12 unionid sanctuary was similar to that observed during studies in 1987 and 1990, 

prior to the zebra mussel invasion. 

INTRODUCTION 

The Lost Mound Unit of the Upper Mississippi River National Wildlife and Fish Refuge 

(Lost Mound Unit), formerly the Savanna Army Depot, is a >3,800 ha tract of bottom¬ 

land hardwood forest and upland sand prairie-sand savanna bordering the Mississippi 

River in extreme northwest Illinois, Jo Daviess and Carroll counties. The riverine portion 

of the refuge consists of an extensive network of backwater lakes and sloughs and several 

channel border islands. Limited sampling in the area has revealed a potentially diverse 
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unionid community, including the federally endangered Lampsilis higginsii and several 

Illinois and Iowa listed species (Cawley 1990). No comprehensive study of the area has 

been done. A portion of the refuge above Lock and Dam 12 was designated as a unionid 

sanctuary (IDNR 2000) prior to the arrival and spread of the exotic zebra mussel (Dreis- 

sena polymorpha) (Tucker et al. 1993, Cope et al. 1997), which has devastated many 

North American mussel stocks (Schloesser et al. 1996). 

The objectives of this study were to determine distribution, abundance, and species com¬ 

position of unionids in the Lost Mound Unit of the upper Mississippi River, to measure 

extent of zebra mussel infestation on unionids, and to determine effects of zebra mussels 

at the unionid sanctuary. 

MATERIALS AND METHODS 

We sampled 79 sites in the upper Mississippi River and its backwaters between River 

Miles 544.5 and 558.4 from 11 to 16 September 2001 (Figure 1). Fourteen sample sites 

were within the unionid sanctuary above Lock and Dam 12 at Bellevue, Iowa. We sam¬ 

pled the majority of sites while diving with surface supplied air, but some areas were 

shallow enough to wade on hands and knees. At each site we did a timed search to meas¬ 

ure unionid abundance as catch per unit effort (CPUE) and to estimate species richness 

(Strayer and Smith 2003). We searched for unionids by moving hands in a sweeping 

motion on the substrate surface and by probing the substrate with fingers. We sampled 

sites for 3 to 40 min (mean = 15.5 min ±8.1 SD). We usually abandoned sites in (M0 min 

if we found (IS unionids, thus allowing greater coverage of the study area. We concen¬ 

trated samples along channel borders, side channels, and the head and toe of islands, and 

we avoided sampling the navigation channel, which is periodically dredged. We also 

searched the shoreline for shells at several sites, but did not include these data in the total 

time sampled. We recorded Universal Transverse Mercator (UTM) coordinates (NAD83, 

Zone 15) for each site with a Trimble Pathfinder " Global Positioning System. 

All live and most dead unionids encountered were placed in a mesh bag until the end of 

the search period, and except for those kept as vouchers, were returned to the river fol¬ 

lowing processing. Dead unionids with tissue present, or shiny nacre and intact perios- 

tracum were categorized as recently dead, and those with chalky nacre and worn perios- 

tracum, other than normal umbonal erosion, were categorized as weathered dead. We 

recorded length (anterior-posterior axis) to the nearest millimeter for all unionids except 

for some individuals of Amblema plicata. Zebra mussels attached to individual unionids 

were removed and counted. We did not estimate zebra mussel abundance on other sub¬ 

strates at sample sites. We also recorded aquatic snails, fingernail clams (Sphaeriidae), 

and Asian clams (Corbicula fluminea) when encountered. Nomenclature follows Turgeon 

et al. (1998), and voucher specimens were deposited in the Illinois Natural History Sur¬ 

vey Mollusk Collection, Champaign. 

RESULTS 

Unionid Community Characterization 

We collected 2,440 individuals representing 26 species in 20.4 hr of sampling (Table 1). 

Included were six individuals of Lampsilis higginsii, which were collected alive at four 
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sites, the Illinois and Iowa Threatened Ellipsaria lineolata and Illinois Threatened Ligu- 

mia recta, which were collected at three and nine sites, respectively, and the Iowa 

Endangered Pleurobema sintoxia and Iowa Threatened Strophitus undulatus, which were 

collected at one site each. We found weathered shells of an additional eight species, and 

three species represented by museum specimens were not found during this study (Table 

1). 

Amblema plicata was the most abundant and widespread species, comprising 35.1% of all 

individuals and occupying 64.6% of sites. Other relatively abundant species included 

Obliquaria reflexa (17.9%), Fusconaia flava (9.2%), Lampsilis cardium (6.1%), Quad- 

rula quadrula (6.5%), Pyganodon grandis (6.0%), and Obovaria olivaria (6.0%) (Table 

1). These species also were some of the most broadly distributed species in the study area 

along with Leptodea fragilis, Lasmigona complanata, Potamilus ohiensis, Quadrula 

pustulosa, Q. nodulata, Truncilla donaciformis, and T. truncata (Table 2). Length fre¬ 

quency distributions indicated that up to 77% of the 26 species we found alive had recent 

recruits to their populations, which we define as Amblemines <40mm, Anodontines and 

Lampsilines <60mm, and Toxolasma and Truncilla <10mm (Table 3). Included among 

these were three small (43, 50, and 62mm) L. higginsii that we estimated at three (one 

individual) and four (two individuals) years of age based on external annuli. 

We found at least one live unionid at 81.0% of the sample sites (Table 2), and CPUE 

averaged 119.7 ± 107.0 SD unionids/hour (range = 0 to 402.0). Unionids were absent or 

sparse (<25 unionids/hour) at 40.5% of the sites sampled. There were 27 sites (34.2%) 

with CPUE <100 unionids/hour, 14 sites (17.7%) with CPUE <200 unionids/hour, and 

six sites (7.6%) with CPUE <300 unionids/hour. Of the sites with CPUE <100 union¬ 

ids/hour, 66.7% had <10 live species. 

Unionid Sanctuary 

In 4 hr of sampling, we collected 664 individuals of 20 species, including one live Lamp¬ 

silis higginsii. Amblema plicata (36.6%), Obliquaria reflexa (23.5%), and Quadrula 

quadrula (13.1%) were the most abundant species in the sanctuary, and A. plicata, 

Megalonaias nervosa, Q. quadrula, Leptodea fragilis, and O. reflexa seemed more abun¬ 

dant in the sanctuary than in the downstream portion of the study area. We found live 

unionids at all but one sample site (Table 2), and CPUE averaged 166.8 ± 116.6 SD 

unionids/hour (range = 0 to 351.0). Of the 14 sites sampled in the sanctuary, eight had 

CPUE <100 unionids/hour, five had CPUE <200 unionids/hour, and one had CPUE <300 

unionids/hour. Five sites had <10 species. Species richness of live unionids and relative 

abundance of most species appeared similar in this study to samples collected in 1987 

and 1990, prior to the establishment of zebra mussels (Table 4). 

Zebra Mussels 
Infestation of unionids by zebra mussels was rare throughout most of the study area 

(Table 2). Zebra mussels were observed infesting unionids at only 35.9% of the sites 

where live unionids were collected. Overall frequency of unionids infested by at least one 

zebra mussel was 9.1%, with an average of 0.4 ± 1.8 SD zebra mussels/unionid. Fre¬ 

quency of zebra mussel infestation was 30.0% (average zebra mussels/unionid = 1.2 ± 3.4 

SD; range = 0 to 33) in the unionid sanctuary compared to 1.3% (average zebra mus- 
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sels/unionid = 0.02 ± 0.2 SD; range = 0 to 7) in the remainder of the study area, and 

89.6% of all zebra mussel infested unionids were from the sanctuary. 

DISCUSSION 

Our estimate of species richness at the Lost Mound Unit is similar to other recent upper 

Mississippi River studies which rarely find >30 extant species within a given river reach 

(Havlik and Stansberry 1978, Theil 1981, Havlik 1983, Miller 1988, Holland-Bartels 

1990, Hornbach et al.1992. Hart et al. 2002). The presence of 11 species that were found 

only as weathered shells or museum specimens suggest that up to 30% of the historic 

unionid community might have been lost from this river reach, although it is unlikely that 

we found all extant species in the area. Several of these species are currently rare in the 

upper Mississippi River (Havlik and Sauer 2000), some of which were apparently histori¬ 

cally rare as well (e.g., Elliptio crassidens, Lasmigona costata, and Plethobasus cyphyus) 

(van der Schalie and van der Schalie 1950). The decline in unionid species richness from 

this river reach almost certainly occurred prior to the arrival of zebra mussels, and is 

likely attributable to the degradation of natural riverine habitat (Scarpino 1985, Afinson 

2003). 

Species richness and relative abundance of unionids in the sanctuary appeared similar in 

this study compared to samples collected in 1987 and 1990, prior to the establishment of 

zebra mussels (Table 4), and any variation in relative abundance of species among years 

could be due to site selection and sampling methods (E. Cawley, Loras College, 

Dubuque, Iowa, pers. comm.). Cawley (1990) found the unionid community below Lock 

and Dam 12 to be as diverse as within the sanctuary above the dam, with mostly young 

(<50mm in length) Lampsilis higginsii occurring at a relative abundance of 3.3%. This is 

well above the 0.25% relative abundance criteria used to establish areas of essential 

habitat for this species (U. S. Fish and Wildlife Service 2004). Cawley (1990) correctly 

suggested this area be included within the unionid sanctuary. We also found L. higginsii 

to be relatively abundant on the Iowa side of the river at Sites 23 (1.7%) and 26 (2.6%) 

adjacent to channel border islands along Harrington Slough, and at Site 39 (1.9%) at the 

head of Bowman Island, all of which were areas with relatively high unionid species 

richness. These areas should also be considered as essential L. higginsii habitat. 

Zebra mussels were not abundant in this river reach during our study. The low number of 

zebra mussels might be related to an extensive zebra mussel die-off that occurred in other 

reaches of the upper Mississippi River during late summer 2001 (see news article by Nis- 

sen 2003), or it might be characteristic of their overall abundance in this area. By com¬ 

parison, in 1995 Cope et al. (1997) found the density of zebra mussels averaged 8,000/m2 

on colonization samplers at Lock and Dam 12, the second highest density among 18 lock 

and dam sites sampled in the upper Mississippi River. Abundance of zebra mussel larvae 

at Lock and Dam 12 was also found to be among the highest in the upper Mississippi 

River in summer 1998 and 1999 (Stoeckel et al. 2004). This corresponds to Ecological 

Specialists, Inc., (O’Fallon, Missouri, unpubl. data) finding in 2000 that zebra mussels 

infested >99% of unionids sampled, encrusting 41% of unionid shells on average, in the 

reach just below the dam. We noted patches of zebra mussel byssal threads on the shells 

of live unionids at several sites, as well as areas where unionids were generally free of 

byssal threads, suggesting zebra mussel infestation was previously variable in the study 
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area. We are uncertain as to why zebra mussel infestation was relatively higher above the 
dam in the unionid sanctuary during our study. 

At the time of this study, not more than a decade had passed since zebra mussels became 

established throughout much of the upper Mississippi River (Tucker et al. 1993). Union- 

ids are surviving in most of the Lost Mound Unit, and there is no compelling evidence 

that zebra mussels have affected species richness, but the long-term affects of zebra mus¬ 

sels on unionids in this river reach and the upper Mississippi River are unknown. Some 

localized areas, however, appear to have been heavily affected by zebra mussels, such as 

the unionid bed that was known to occur along the Illinois bank below Crooked Slough 

(Sites 59, 60, 63, 64, and 65) (J. Nickols, Savanna, Illinois, pers. comm.). Few live 

unionids were collected in this area, and dead zebra mussel shells made up an estimated 

50% of the substrate, an indication their density was previously high. We also found 

numerous freshly dead unionid shells with dried tissue, as well as zebra mussel shells, 

washed up on the bank in a windrow at Site 59. 

The predominantly sand environment in this river reach might benefit unionids. They are 

known to burrow into the substrate in fall and re-emerge in spring (Amyot and Downing 

1997, Watters et al. 2001), and this activity can smother or detach zebra mussels from 

unionids inhabiting soft substrates (Nichols and Wilcox 1997). Additionally, sand is a 

less suitable substrate for the colonization of large zebra mussel populations (Medina and 

Rasmussen 1994, Toczylowski et al. 1999) (although see Berkman et al. 2000 for lake 

populations), and in such habitat, unionids are the primary sites for settling zebra mussels 

(Hunter and Bailey 1992, Toczylowski et al. 1999), as opposed to areas with gravel and 

cobble where zebra mussels accumulate on the substrate as well as on unionids. There¬ 

fore, fish (Tucker et al. 1996, Mitchell et al. 2000, Magoulick and Lewis 2002) or other 

predators (Hamilton et al. 1994, Perry et al. 1997, Mitchell et al. 2000) might be remov¬ 

ing zebra mussels from unionids. Also, unionids heavily infested with zebra mussels are 

not able to burrow as well in mixed gravel substrates (Tucker 1994, Nichols and Wilcox 

1997) so the attached zebra mussels survive. The reach below Crooked Slough might 

illustrate these points. Substrate below Crooked Slough had a relatively large component 

of gravel and cobble (up to 90% in some areas), which might explain why zebra mussels 

were apparently so damaging to unionids in this area. To identify conditions in which 

unionids can coexist with zebra mussels long term, we must have a better understanding 

of the population dynamics of zebra mussels in large rivers and of their interactions with 

unionids. 
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Figure 1. Sampling sites and unionid catch per unit effort (CPUE) in the Mississippi 
River at the Lost Mount Unit of the Upper Mississippi River National Wildlife 
and Fish Refuge, Illinois and Iowa. 
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Table 1. Species composition and relative abundance of unionids in the Mississippi 

River at the Lost Mound Unit of the Upper Mississippi River National Wildlife 

and Fish Refuge, Illinois and Iowa. 

Species Museum1 No. live 
% Relative 
abundance 

% Frequency % Frequency 
(live only) (live + dead) 

Protection 
status2 

Subfamily Ambleminae 
Amblema plicata X 856 35.08 64.6 73.4 

Cyclonaias tuberculata w3 0.00 0.0 5.1 ILT, IAT 

Elliptio crassidens X ILT 

Elliptio dilatata X w 0.00 0.0 5.1 ILT 

Fusconaia ebena X w 0.00 0.0 10.1 ILT 

Fusconaia flava X 224 9.18 39.2 51.9 

Megalonaias nervosa X 32 1.31 15.2 22.8 

Plethobasus cyphyus X w 0.00 0.0 1.3 ILE, IAE 

Pleurobema sintoxia 1 0.04 1.3 5.1 IAE 

Quadrula metanevra X 20 0.82 6.3 11.4 

Quadrula nodulata X 23 0.94 15.2 25.3 

Quadrula pustulosa X 52 2.13 24.1 30.4 

Quadrula quadrula X 159 6.52 44.3 54.4 

Tritogonia verrucosa X w 0.00 0.0 3.8 IAE 

Subfamily Anodontinae 
Alasmidonta marginata X 

Anodonta suborbiculata 2 0.08 2.5 2.5 

Arcidens confragosus X 8 0.33 8.9 16.5 

Lasmigona complanata X 20 0.82 19.0 25.3 

Lasmigona costata w 0.00 0.0 1.3 

Pyganodon grandis X 147 6.02 41.8 55.7 

Strophitus undulatus X 1 0.04 1.3 3.8 IAT 

Utterbackia imbecillis 7 0.29 3.8 10.1 

Subfamily Lampsilinae 
Actinonaias ligamentina X w 0.00 0.0 5.1 

Ellipsaria lineolata X 9 0.37 3.8 8.9 ILT, IAT 

Lampsilis cardium X 149 6.11 41.8 51.9 

Lampsilis higginsii X 6 0.25 5.1 5.1 FE, ILE, IAE 

Lampsilis siliquoidea X 

Lampsilis teres X w 0.00 0.0 3.8 IAE 

Leptodea fragilis X 29 1.19 19.0 49.4 

Ligumia recta X 11 0.45 11.4 16.5 ILT 

Obliquaria reflexa X 436 17.87 51.9 59.5 

Obovaria olivaria X 146 5.98 38.0 45.6 

Potamilus alatus X 3 0.12 3.8 21.5 

Potamilus ohiensis X 16 0.66 12.7 27.8 

Toxolasma parvus X 17 0.70 8.9 17.7 

Truncilla donaciformis X 24 0.98 13.9 19.0 

Truncilla truncata X 42 1.72 20.3 30.4 

Total live unionids 2,440 

Total live species 26 81.0 

Total species (live + dead) 32 34 88.6 

CPUE (unionids/hour) 119.7 

Effort (minutes) 1,223 

1 Illinois Natural History Survey Mollusk Collection, and K. S. Cummings and C. A. Mayer, pers. comm. 
2 FE = federally endangered, ILE = Illinois endangered, ILT = Illinois threatened, IAE = Iowa endangered, IAT 

= Iowa threatened. 
3 w = weathered dead. 
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Table 2. Species composition and abundance1 of unionids at sample sites2 in the Missis¬ 

sippi River at the Lost Mound Unit of the Upper Mississippi River National 

Wildlife and Fish Refuge, Illinois and Iowa. 

Species 

Site3 

1 2 3 4 6 7 8 

Subfamily Ambleminae 
Amblema plicata 50 74 13 1 12 23 

Fusconaia flava 22 12 1 7 
Megalonaias nervosa 1 1 3 2 1 
Pleurobema sintoxia 

Quadrula metanevra 
Quadrula nodulata 2 
Quadrula pustulosa 4 1 
Quadrula quadrula 6 11 7 8 2 

Subfamily Anodontinae 

Anodonta suborbiculata 
Arcidens confragosus 2 1 
Lasmigona complanata 2 
Pyganodon grandis 1 3 1 2 
Strophitus undulatus 
Utterbackia imbecillis 4 1 

Subfamily Lampsilinae 

Ellipsaria lineolata 

Lampsilis cardium 1 6 2 2 
Lampsilis higginsii 1 
Leptodea fragilis 1 3 1 1 
Ligumia recta 
Obliquaria reflexa 16 3 17 8 29 
Obovaria olivaria 2 5 1 1 
Potamilus alatus 

Potamilus ohiensis 2 2 
Toxolasma parvus 
Truncilla donaciformis 2 
Truncilla truncata 1 2 1 

Total no. live unionids 3 112 117 50 5 43 61 
No. live unionid species 2 10 13 9 4 10 8 
CPUE (unionids/hour) 22.5 268.8 351.0 100.0 30.0 129.0 244.0 
ZM4 per unionid (mean ± SD) 0 0.23±0.70 0.44±1.03 0.76± 1.41 0 0.77±1.32 0.10±0.31 
Total no. ZM 0 25 52 38 0 33 6 
Frequency ZM infestation (%) 0 12.5 23.9 40.0 0 39.5 9.8 
Sample effort (minutes) 8 25 20 30 10 20 15 
UTM easting 217474 217683 217760 218764 219498 217691 219140 
UTM northing 4685905 4686056 4686139 4686052 4686606 4685688 4685933 
1 Data are numbers of live individuals. 
2 Only sample sites with at least one live unionid are included. No live unionids were collected at the following 

UTM coordinates: 219438 E 4686597 N, 218684 E 4683955 N, 218366 E 4682790 N, 218826 E 4683061 N, 
220392 E 4682904 N, 219591 E 4682019 N, 221203 E 4682195 N, 221009 E 4681438 N, 221299 E 4680607 
N, 222055 E 4678542 N, 222361 E 4678585 N, 222691 E 4678760 N, 223387 E 4678138 N, 226894 E 
4676453 N, 232225 E 4674013 N 

3 Sites 1 to 14 are inside the unionid sanctuary. 
4 ZM = zebra mussels 
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Table 2. continued 

Site3 
Species 9 10 11 12 13 14 15 

Subfamily Ambleminae 
Amblema plicata 53 2 2 4 9 2 
Fusconaia flava 2 1 1 
Megalonaias nervosa 2 2 4 12 
Pleurobema sintoxia 

Quadrula metanevra 
Quadrula nodulata 1 1 
Quadrula pustulosa 1 
Quadrula quadrula 2 2 13 30 6 

Subfamily Anodontinae 
Anodonta suborbiculata 
Arcidens confragosus 1 
Lasmigona complanata 
Pyganodon grandis 1 2 1 3 
Strophitus undulatus 
Utterbackia imbecillis 2 

Subfamily Lampsilinae 
Ellipsaria lineolata 

Lampsilis cardium 1 
Lampsilis higginsii 
Leptodea fragilis 4 6 
Ligumia recta 2 
Obliquaria reflexa 65 2 5 7 4 
Obovaria olivaria 1 2 
Potamilus alatus 1 
Potamilus ohiensis 2 
Toxolasma parvus 1 
Truncilla donaciformis 5 
Truncilla truncata 5 2 

Total no. live unionids 137 10 32 2 70 22 4 
No. live unionid species 10 5 8 2 13 4 2 
CPUE (unionids/hour) 274.0 40.0 128.0 15.0 233.3 66.0 16.0 
ZM2 3 4 per unionid (mean ± SD) 0.19±0.58 1.60±2.76 7.91±7.75 0.50±0.71 4.54±5.83 2.27±3.48 0 
Total no. ZM 26 16 253 1 318 50 0 
Frequency ZM infestation (%) 12.4 30.0 78.1 50.0 78.6 54.5 0 
Sample effort (minutes) 30 15 15 8 18 20 15 
UTM easting 219137 218627 218239 217732 218162 219042 217797 
UTM northing 4685649 4685250 4685156 4685008 4684621 4684949 4683813 

1 Data are numbers of live individuals. 
2 Only sample sites with at least one live unionid are included. No live unionids were collected at the following 

UTM coordinates: 219438 E 4686597 N, 218684 E 4683955 N, 218366 E 4682790 N, 218826 E 4683061 N, 
220392 E 4682904 N, 219591 E 4682019 N, 221203 E 4682195 N, 221009 E 4681438 N, 221299 E 4680607 
N, 222055 E 4678542 N, 222361 E 4678585 N, 222691 E 4678760 N, 223387 E 4678138 N, 226894 E 
4676453 N, 232225 E 4674013 N 

3 Sites 1 to 14 are inside the unionid sanctuary. 
4 ZM = zebra mussels 
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Table 2. continued 

Site3 

Species 17 20 21 22 23 25 26 

Subfamily Ambleminae 
Amblema plicata 1 3 4 3 4 38 

Fusconaia flava 1 3 15 

Megalonaias nervosa 
Pleurobema sintoxia 

Quadrula metanevra 7 1 1 

Quadrula nodulata 2 

Quadrula pustulosa 4 9 
Quadrula quadrula 1 2 1 1 

Subfamily Anodontinae 
Anodonta suborbiculata 
Arcidens confragosus 1 
Lasmigona complanata 1 2 1 
Pyganodon grandis 1 2 2 
Strophitus undulatus 
Utterbackia imbecillis 

Subfamily Lampsilinae 
Ellipsaria lineolata 2 
Lampsilis cardium 1 4 2 10 
Lampsilis higginsii 1 3 
Leptodea fragilis 

Ligumia recta 1 1 1 
Obliquaria reflexa 7 8 10 13 
Obovaria olivaria 2 1 22 2 10 
Potamilus alatus 1 
Potamilus ohiensis 

Toxolasma parvus 
Truncilla donaciformis 1 
Truncilla truncata 1 7 

Total no. live unionids 3 1 14 15 58 16 115 
No. live unionid species 2 1 5 4 13 8 16 
CPUE (unionids/hour) 15.0 12.0 84.0 45.0 139.2 48.0 345.0 
ZM1 2 3 4 per unionid (mean ± SD) 0.33±0.58 0 0 0 0.10±0.36 0 0.02±0.13 
Total no. ZM 1 0 0 0 6 0 2 
Frequency ZM infestation (%) 33.3 0 0 0 8.6 0 1.7 
Sample effort (minutes) 12 5 10 20 25 20 20 
UTM easting 218647 219408 219006 218557 218660 218801 219095 
UTM northing 4683357 4683383 4682805 4682524 4682338 4681908 4681815 
1 Data are numbers of live individuals. 
2 Only sample sites with at least one live unionid are included. No live unionids were collected at the following 

UTM coordinates: 219438 E 4686597 N, 218684 E 4683955 N, 218366 E 4682790 N, 218826 E 4683061 N, 
220392 E 4682904 N, 219591 E 4682019 N, 221203 E 4682195 N, 221009 E 4681438 N, 221299 E 4680607 
N, 222055 E 4678542 N, 222361 E 4678585 N, 222691 E 4678760 N, 223387 E 4678138 N, 226894 E 
4676453 N, 232225 E 4674013 N 

3 Sites 1 to 14 are inside the unionid sanctuary. 
4 ZM = zebra mussels 



Table 2. continued 

Site3 
Species 29 31 32 34 35 36 37 

Subfamily Ambleminae 
Amblema plicata 11 29 6 
Fusconaia flava 
Megalonaias nervosa 
Pleurobema sintoxia 

5 5 18 3 

Quadrula metanevra 
Quadrula nodulata 3 1 
Quadrula pustulosa 1 2 
Quadrula quadrula 9 3 2 

Subfamily Anodontinae 
Anodonta suborbiculata 
Arcidens confragosus 
Lasmigona complanata 

1 
1 2 

Pyganodon grandis 

Strophitus undulatus 
Utterbackia imbecillis 

2 5 

Subfamily Lampsilinae 
Ellipsaria lineolata 2 
Lampsilis cardium 

Lampsilis higginsii 
1 11 2 2 

Leptodea fragilis 
Ligumia recta 

1 1 
1 

Obliquaria reflexa 2 26 13 8 1 
Obovaria olivaria 

Potamilus alatus 
Potamilus ohiensis 

14 

1 
Toxolasma parvus 
Truncilla donaciformis 

1 
4 1 

Truncilla truncata 10 3 

Total no. live unionids 10 81 85 34 1 1 2 
No. live unionid species 3 11 11 11 1 1 1 
CPUE (unionids/hour) 30.0 243.0 255.0 102.0 12.0 4.0 24.0 
ZM4 per unionid (mean ± SD) 0 0 0.02±0.15 0 0 0 0 
Total no. ZM 0 0 2 0 0 0 0 
Frequency ZM infestation (%) 0 0 2.4 0 0 0 0 
Sample effort (minutes) 20 20 20 20 5 15 5 
UTM easting 220255 220056 220361 220832 220672 220459 221330 
UTM northing 4681232 4680864 4680795 4680190 4680054 4679879 4679492 
1 Data are numbers of live individuals. 
2 Only sample sites with at least one live unionid are included. No live unionids were collected at the following 

UTM coordinates: 219438 E 4686597 N, 218684 E 4683955 N, 218366 E 4682790 N, 218826 E 4683061 N, 
220392 E 4682904 N, 219591 E 4682019 N, 221203 E 4682195 N, 221009 E 4681438 N, 221299 E 4680607 
N, 222055 E 4678542 N, 222361 E 4678585 N, 222691 E 4678760 N, 223387 E 4678138 N, 226894 E 
4676453 N, 232225 E 4674013 N 

3 Sites 1 to 14 are inside the unionid sanctuary. 
4 ZM = zebra mussels 
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Table 2. continued 

Site3 

Species 38 39 40 41 42 44 47 

Subfamily Ambleminae 
Amblema plicata 14 6 18 14 12 2 21 

Fusconaia flava 2 4 5 1 2 

Megalonaias nervosa 2 1 
Pleurobema sintoxia 1 
Quadrula metanevra 8 3 
Quadrula nodulata 1 1 

Quadrula pustulosa 1 2 1 4 

Quadrula quadrula 1 2 13 2 1 

Subfamily Anodontinae 
Anodonta suborbiculata 

Arcidens confragosus 

Lasmigona complanata 1 1 
Pyganodon grandis 15 14 13 
Strophitus undulatus 
Utterbackia imbecillis 

Subfamily Lampsilinae 
Ellipsaria lineolata 5 
Lampsilis cardium 5 3 2 14 2 
Lampsilis higginsii 1 
Leptodea fragilis 1 2 
Ligumia recta 1 
Obliquaria reflexa 2 11 9 1 10 1 9 
Obovaria olivaria 6 3 7 7 
Potamilus alatus 

Potamilus ohiensis 1 1 
Toxolasma parvus 8 1 
Truncilla donaciformis 1 
Truncilla truncata 2 

Total no. live unionids 36 51 79 35 48 11 45 
No. live unionid species 7 14 13 8 6 7 5 
CPUE (unionids/hour) 144.0 153.0 118.5 123.5 144.0 33.0 90.0 
ZM2 3 4 per unionid (mean ± SD) 0.11 ±0.46 0 0 0 0 0 0.02±0.15 
Total no. ZM 4 0 0 0 0 0 1 
Frequency ZM infestation (%) 5.6 0 0 0 0 0 2.2 
Sample effort (minutes) 15 20 40 17 20 20 30 
UTM easting 221608 221094 222411 221920 222003 222492 223339 
UTM northing 4679365 4678928 4679384 4678293 4678420 4678861 4679381 
1 Data are numbers of live individuals. 
2 Only sample sites with at least one live unionid are included. No live unionids were collected at the following 

UTM coordinates: 219438 E 4686597 N, 218684 E 4683955 N, 218366 E 4682790 N, 218826 E 4683061 N, 
220392 E 4682904 N, 219591 E 4682019 N, 221203 E 4682195 N, 221009 E 4681438 N, 221299 E 4680607 
N, 222055 E 4678542 N, 222361 E 4678585 N, 222691 E 4678760 N, 223387 E 4678138 N, 226894 E 
4676453 N, 232225 E 4674013 N 

3 Sites 1 to 14 are inside the unionid sanctuary. 
4 ZM = zebra mussels 
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Table 2. continued 

Site3 
Species 48 49 50 52 53 54 55 

Subfamily Ambleminae 
Amblema plicata 2 1 23 26 4 36 
Fusconaia flava 
Megalonaias nervosa 
Pleurobema sintoxia 

1 1 3 25 

Quadrula metanevra 
Quadrula nodulata 

Quadrula pustulosa 1 
3 

Quadrula quadrula 1 1 2 7 

Subfamily Anodontinae 

Anodonta suborbiculata 
Arcidens confragosus 
Lasmigona complanata 

1 

2 
Pyganodon grandis 5 15 13 8 3 
Strophitus undulatus 
Utterbackia imbecillis 

1 

Subfamily Lampsilinae 
Ellipsaria lineolata 
Lampsilis cardium 
Lampsilis higginsii 
Leptodea fragilis 
Ligumia recta 

1 

5 

Obliquaria reflexa 1 3 13 
Obovaria olivaria 
Potamilus alatus 

Potamilus ohiensis 1 

1 2 

Toxolasma parvus 3 1 
Truncilla donaciformis 1 
Truncilla truncata 1 1 1 

Total no. live unionids 8 1 6 44 45 15 100 
No. live unionid species 3 1 6 6 5 3 13 
CPUE (unionids/hour) 24.0 6.0 36.0 88.0 135.0 45.0 300.0 
ZM4 per unionid (mean ± SD) 0 0 0 0 0.04±0.30 0 0.01±0.1C 
Total no. ZM 0 0 0 0 2 0 1 
Frequency ZM infestation (%) 0 0 0 0 2.2 0 1.0 
Sample effort (minutes) 20 10 10 30 20 20 20 
223693 223693 223904 222384 224128 224408 224324 224353 
UTM northing 4679585 4679673 4678043 4679076 4678936 4678723 4678007 
1 Data are numbers of live individuals. 
2 Only sample sites with at least one live unionid are included. No live unionids were collected at the following 

UTM coordinates: 219438 E 4686597 N, 218684 E 4683955 N, 218366 E 4682790 N, 218826 E 4683061 N, 
220392 E 4682904 N, 219591 E 4682019 N, 221203 E 4682195 N, 221009 E 4681438 N, 221299 E 4680607 
N, 222055 E 4678542 N, 222361 E 4678585 N, 222691 E 4678760 N, 223387 E 4678138 N, 226894 E 
4676453 N, 232225 E 4674013 N 

3 Sites 1 to 14 are inside the unionid sanctuary. 
4 ZM = zebra mussels 

J 
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Table 2. continued 

Site3 

Species 56 57 58 59 60 61 62 

Subfamily Ambleminae 

Amblema plicata 106 10 33 1 2 8 16 

Fusconaia flava 14 6 12 5 3 

Megalonaias nervosa 
Pleurobema sintoxia 

1 

Quadrula metanevra 
Quadrula nodulata 

Quadrula pustulosa 2 1 

Quadrula quadrula 1 2 2 

Subfamily Anodontinae 
Anodonta suborbiculata 1 
Arcidens confragosus 1 1 
Lasmigona complanata 1 2 1 1 
Pyganodon grandis 

Strophitus undulatus 
Utterbackia imbecillis 

4 13 6 1 1 

Subfamily Lampsilinae 

Ellipsaria lineolata 
Lampsilis cardium 
Lampsilis higginsii 

Leptodea fragilis 

1 5 9 3 

Ligumia recta 

Obliquaria reflexa 4 33 13 2 3 
Obovaria olivaria 

Potamilus alatus 
Potamilus ohiensis 1 

4 1 

Toxolasma parvus 2 
Truncilla donaciformis 

Truncilla truncata 

1 6 
1 

Total no. live unionids 134 78 84 1 5 18 27 
No. live unionid species 10 10 10 1 2 6 7 
CPUE (unionids/hour) 402.0 234.0 252.0 2.3 15.0 108.0 64.8 
ZM4 per unionid (mean ± SD) 0.03±0.17 0.01±0.11 0 0 0 0 0 
Total no. ZM 4 1 0 0 0 0 0 
Frequency ZM infestation (%) 3.0 1.3 0 0 0 0 0 
Sample effort (minutes) 20 20 20 26 20 10 25 
UTM easting 224978 224961 224886 225624 225725 225128 225845 
UTM northing 4678273 4677927 4677193 4677277 4677247 4676792 4676436 
1 Data are numbers of live individuals. 
2 Only sample sites with at least one live unionid are included. No live unionids were collected at the following 

UTM coordinates: 219438 E 4686597 N, 218684 E 4683955 N, 218366 E 4682790 N, 218826 E 4683061 N, 
220392 E 4682904 N, 219591 E 4682019 N, 221203 E 4682195 N, 221009 E 4681438 N, 221299 E 4680607 
N, 222055 E 4678542 N, 222361 E 4678585 N, 222691 E 4678760 N, 223387 E 4678138 N, 226894 E 
4676453 N, 232225 E 4674013 N 

3 Sites 1 to 14 are inside the unionid sanctuary. 
4 ZM = zebra mussels 
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Table 2. continued 

Site3 
Species 63 64 66 67 68 69 70 

Subfamily Ambleminae 
Amblema plicata 6 46 68 1 2 
Fusconaia flava 
Megalonaias nervosa 
Pleurobema sintoxia 

14 21 

Quadrula metanevra 
Quadrula nodulata 4 3 
Quadrula pustulosa 7 7 1 
Quadrula quadrula 2 7 4 1 

Subfamily Anodontinae 
Anodonta suborbiculata 

Arcidens confragosus 
Lasmigona complanata 1 
Pyganodon grandis 
Strophitus undulatus 
Utterbackia imbecillis 

1 1 4 

Subfamily Lampsilinae 
Ellipsaria lineolata 
Lampsilis cardium 
Lampsilis higginsii 

7 8 16 1 

Leptodea fragilis 
Ligumia recta 
Obliquaria reflexa 

1 

35 18 
1 

1 
Obovaria olivaria 1 24 3 5 
Potamilus alatus 
Potamilus ohiensis 4 

1 

Toxolasma parvus 

Truncilla donaciformis 
Truncilla truncata 1 1 

1 

Total no. live unionids 1 17 151 147 1 10 3 
No. live unionid species 1 5 11 12 1 6 2 
CPUE (unionids/hour) 6.0 51.0 348.5 352.8 6.0 40.0 25.7 
ZM4 per unionid (mean ± SD) 0 0 0 0.01±0.08 0 0 0 
Total no. ZM 0 0 0 1 0 0 0 
Frequency ZM infestation (%) 0 0 0 0.7 0 0 0 
Sample effort (minutes) 10 20 26 25 10 15 7 
UTM easting 226187 226517 227960 228330 228677 229515 229666 
UTM northing 4676756 4676563 4676028 4675640 4674703 4674796 4675212 
1 Data are numbers of live individuals. 
2 Only sample sites with at least one live unionid are included. No live unionids were collected at the following 

UTM coordinates: 219438 E 4686597 N, 218684 E 4683955 N, 218366 E 4682790 N, 218826 E 4683061 N, 
220392 E 4682904 N, 219591 E 4682019 N, 221203 E 4682195 N, 221009 E 4681438 N, 221299 E 4680607 
N, 222055 E 4678542 N, 222361 E 4678585 N, 222691 E 4678760 N, 223387 E 4678138 N, 226894 E 
4676453 N, 232225 E 4674013 N 

3 Sites 1 to 14 are inside the unionid sanctuary. 
4 ZM = zebra mussels 
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Table 2. continued 

Site3 

Species 71 72 73 74 75 76 77 79 

Subfamily Ambleminae 

Amblema plicata 1 15 1 12 5 

Fusconaia flava 
Megalonaias nervosa 
Pleurobema sintoxia 

Quadrula metanevra 
Quadrula nodulata 

9 

1 

Quadrula pustulosa 
Quadrula quadrula 1 3 

2 1 

Subfamily Anodontinae 

Anodonta suborbiculata 

Arcidens confragosus 

Lasmigona complanata 1 
Pyganodon grandis 

Strophitus undulatus 
Utterbackia imbecillis 

1 1 1 1 

Subfamily Lampsilinae 

Ellipsaria lineolata 
Lampsilis cardium 

Lampsilis higginsii 

1 2 3 1 11 5 

Leptodea fragilis 2 1 3 
Ligumia recta 2 1 
Obliquaria reflexa 1 7 14 1 
Obovaria olivaria 

Potamilus alatus 

2 3 1 2 5 6 

Potamilus ohiensis 
Toxolasma parvus 
Truncilla donaciformis 

Truncilla truncata 

1 

1 
3 

Total no. live unionids 4 32 19 4 34 38 1 3 
No. live unionid species 3 7 7 3 8 8 1 3 
CPUE (unionids/hour) 48.0 96.0 51.8 24.0 102.0 99.1 12.0 18.0 
ZM2 3 4 per unionid (mean ± SD) 0 0.29±1.30 0 0 0 0 0 0 
Total no. ZM 0 9 0 0 0 0 0 0 
Frequency ZM infestation (%) 0 6.3 0 0 0 0 0 0 
Sample effort (minutes) 5 20 22 10 20 23 5 10 
UTM easting 229911 230534 230174 231411 231704 231395 231873 232573 
UTM northing 4674987 4675022 4674070 4674574 4674384 4673715 4674006 4673634 

1 Data are numbers of live individuals. 
2 Only sample sites with at least one live unionid are included. No live unionids were collected at the following 

UTM coordinates: 219438 E 4686597 N, 218684 E 4683955 N, 218366 E 4682790 N, 218826 E 4683061 N, 
220392 E 4682904 N, 219591 E 4682019 N, 221203 E 4682195 N, 221009 E 4681438 N, 221299 E 4680607 
N, 222055 E 4678542 N, 222361 E 4678585 N, 222691 E 4678760 N, 223387 E 4678138 N, 226894 E 
4676453 N, 232225 E 4674013 N 

3 Sites 1 to 14 are inside the unionid sanctuary. 
4 ZM = zebra mussels 
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Table 4. Species composition and relative abundance (%) of unionids in the Upper 

Mississippi River Pool 12 unionid sanctuary. 

Species This study 1990' 1987 

Subfamily Ambleminae 
Amblema plicata 36.6 36.1 21.1 

Elliptio dilatata 0.4 

Fusconaia flava 7.2 5.7 6.7 

Megalonaias nervosa 4.4 6.5 2.5 

Quadrula metanevra 2.5 

Quadrula nodulata 0.6 5.5 

Quadrula pustulosa 0.9 1.9 8.4 

Quadrula quadrula 12.7 20.9 7.7 

Subfamily Anodontinae 
Arcidens confragosus 0.6 1.1 

Lasmigona complanata 0.3 

Pyganodon grandis 1.7 4.1 

Strophitus undulatus 1.1 

Utterbackia imbecillis 1.1 0.5 14.4 

Subfamily Lampsilinae 
Ellipsaria lineolata 1.4 

Lampsilis cardium 1.7 0.8 1.1 

Lampsilis higginsii 0.2 0.3 1.1 

Lampsilis teres 
Leptodea fragilis 2.5 0.5 12.3 

Ligumia recta 3.5 

Obliquaria reflexa 23.8 3.6 3.9 

Obovaria olivaria 1.6 0.7 5.3 

Potamilus alatus 0.2 4.3 2.5 

Potamilus ohiensis 0.9 0.5 

Toxolasma parvus 0.2 

Truncilla donaciformis 1.1 0.6 1.4 

Truncilla tr uncat a 1.7 4.6 5.6 

No. live individuals 639 635 285 

No. live species 20 19 18 

1 1987 and 1990 data are from E. Cawley, Loras College, Dubuque, Iowa (unpubl. data) 
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ABSTRACT 

One specimen of the state-endangered bigeye chub Hybopsis amblops (Rafinesque) was 

collected in Little Beaver Creek, Kankakee County, Illinois, on 2 May 2004, and depos¬ 

ited at the Illinois Natural History Survey Fish Collection, Champaign (INHS 98619). 

This specimen represents a range expansion into a new river drainage. 
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The bigeye chub Hybopsis amblops (Rafinesque) is state-listed as endangered in Illinois 

(IESPB, 1999). On 2 May 2004, two of us (JST and BLT) collected a 40.2 mm SL (50.7 

mm TL) female H. amblops with latent ovaries by common-sense seining in Little Beaver 

Creek (Iroquois River - Kankakee River drainage), 2.0 km W Leesville, Kankakee 

County, Illinois. This specimen possessed maxillary barbels, an eye diameter slightly 

greater than length of snout, and a pronounced black lateral stripe extending from tip of 

snout to caudal peduncle, fitting Smith’s (1979) description of H. amblops. This speci¬ 

men was collected in a small school (five individuals) of ironcolor shiners Notropis cha- 

lybaeus (Cope), another state-listed species (IESPB, 1999). The H. amblops was depos¬ 

ited in the Illinois Natural History Survey (INHS) Fish Collection, Champaign (INHS 

98619), and represents a verified range expansion into a new river drainage (Illinois 

River basin) 

Hybopsis amblops inhabits portions of the Ozarks, the Lake Erie drainage, and the Ohio 

River basin (Page and Burr, 1991). It is common in southern portions of its range, but is 

vanishing from much of the northern portions, especially in agricultural regions (Page 

and Burr, 1991). Based on vouchered records, the only known historical records for H. 

amblops in Illinois prior to this specimen were from the Wabash River drainage of the 

Ohio River basin (Warren and Burr, 1988). Literature records indicated that H. amblops 

was in the Iroquois River drainage in the late 1800s and early 1900s (e.g., Forbes and 

Richardson, 1908). However, these data were based on unvouchered records and were 

believed to have been misidentified as Notropis (Hybopsis) amnis Hubbs and Green due 
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to superficial similarities between the two species (Warren and Burr, 1988). This argu¬ 

ment appeared to be supported because H. amblops was not believed to occur in the 

Kankakee River drainage (e.g., Iroquois River) in Indiana (Carney et ah, 1992). Because 

the area has been well sampled (INHS Fish Collection has vouchers from >150 collec¬ 

tions in the Iroquois River drainage), it appeared unlikely that an unknown isolated 

population was extant in the Little Beaver Creek drainage. 

Hybopsis amblops is indicative of good water quality (Page and Retzer, 2002) and occurs 

in clear, well-vegetated pools of creeks with sand and fine gravel bottoms (Smith, 1979). 

At the point of collection, Little Beaver Creek was under an enclosed canopy and had a 

firm, sandy bottom with clear, shallow, still water; the surrounding area was flat to gently 

rolling with amalgamated forests and agricultural fields. Habitat degradation resulting 

from agricultural practices was identified (Page and Retzer, 2002) as a threat to H. 

amblops. Human modifications of aquatic ecosystems have caused a decline in abun¬ 

dance and distribution throughout the fish's range in Illinois that lead many researchers to 

consider it extirpated from the state (Smith, 1979). However, a single adult was collected 

from the Little Vermilion River in 1992 (Burr et al., 1996); since then, it has been found 

throughout the Wabash River drainage (Page and Retzer, 2002). 

The expanded range of H. amblops might have occurred through human introduction 

(e.g., bait-bucket), but seems unlikely due to its rare status. A more likely scenario is 

stream capture or dispersal from a surrounding drainage. As a result of the low-gradient 

topography in eastern Illinois / western Indiana (Page et al., 1992), the expanded range of 

H. amblops might be an example of stream capture or dispersal during high water periods 

from the Tippecanoe River drainage (see Carney et al., 1992) or the Vermilion River 

drainage (see Page and Retzer, 2002), both of which are in the Wabash River drainage. 

Examination of maps (e.g., gazetteers and 7.5-minute series topographical maps) suggests 

that the ditch system of Beaver Creek could come in contact with the ditch system of the 

Tippecanoe River during high water periods, but not the Vermilion River, thus suggesting 

that the source population of this specimen might have been from the Tippecanoe River 

drainage. Because H. amblops is a rare species, the extension of its known range is of 

significance to its conservation. Additional surveys should be conducted to determine if a 

viable (e.g., reproducing) population occurs in the Little Beaver Creek drainage. 
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